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ABSTRACT

This paper presents a method of evaluating the
performance of a solid propellant rocket motor of
fixed geometry and given propellant characteristics
using the constant KN (ratio of propellant burning-

surface area to nozzle-throat area) process and
group transformation method. This method does not
require a prior knowledge of the KN values, but re-

quires only that the parameters to be evaluated be
selected at constant regressed distances normal to

the original propellant surface. Two computer pro-
grams utilizing this method are presented. The first
performs the evaluation for general performance pa-
rameters over selected time intervals, and the second
performs the evaluation for instantaneous performance
versus time.
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SOLID PROPELLANT ROCKET MOTOR PERFORMANCE COMPUTER
PROGRAMS USING THE GROUP TRANSFORMATION METHOD

By B. J. Lee and P. B. Burchfield
Manned Spacecraft Center

SUMMARY

A solid propellant rocket motor of fixed geometry and given propellant
will yield different performance with various prefire propellant temperatures.
This paper presents two computer programs that transform the test data from
as many as three different prefire propellant temperature groups to a like
number of common prefire propellant temperatures of interest. Statistical
calculations are made on the test data after they have been transformed. A
detailed description of these computer programs is presented.

INTRODUCTION

The internal ballistic performance of a solid propellant rocket motor is
a function of geometry, propellant temperature, and propellant composition.
Therefore, a solid propellant rocket motor of fixed geometry (figs. 1(a)
through 1(c)) and given propellant characteristics (fig. 2) will yield different
performance with various propellant temperatures (fig. 3 and refs. 1 and 2).
This phenomenon is due to the variation of propellant burning rate with propel-
lant temperature (fig. 2) and will be referred to as the thermal sensitivity of
the propellant.

By using adequate experimental test data, the variation of motor per-
formance with propellant temperature can be mathematically defined. With
proper utilization of this mathematical definition the performance test data
(from motor test firings conducted at different propellant temperatures) can
be transformed to any common temperature of interest, within the extremities
of the test data.

There is generally a limited number of motors allotted to determine the
performance variations (performance versus time and product variance) of a



given motor design. The transformation of test data from different prefire
propellant temperatures to given temperatures of interest is utilized in this
report to obtain greater confidence in the statistical analyses performed on
the test data.

This report describes two solid propellant rocket motor performance
computer programs that were written at the Manned Spacecraft Center. These
programs transform experimental test data from as many as three different
prefire propellant temperature groups to a like number of propellant tempera-
tures of interest. The computer program presented in appendix A performs
the transformations and calculates general performance parameters over
selected time intervals. The computer program presented in appendix B per-
forms the transformation for instantaneous performance versus time.

Statistical analyses are performed on the test data after they have been

transformed. The statistical analyses consist of calculating means, standard
deviations, one-sided tolerance limits, and two-sided tolerance limits.

SYMBOLS

A area
a burning-rate equation coefficient, r = aP"
b Ky equation coefficient, K = bp™

e base of natural logarithm, 2.71828...
F longitudinal thrust
K tolerance factor

K ratio of propellant burning-surface area to nozzle-throat area
In natural logarithm

m KN equation exponent, KN = pp™

N sample size



friortnd

- 4.%/ 7o

burning-rate equation exponent, r = ap®
chamber pressure; percentage of population

ambient pressure

r burning rate
s estimated standard deviation
T prefire i)ropellant temperature
t motor operating time interval
u tolerance limit
w web thickness
experimentally determined values that make up a sample
Y probability or confidence level
K temperature sensitivity coefficient of chamber pressure
O temperature sensitivity coefficient of burning rate
¢ nozzle cant angle
Subscripts:
d desired
e exit
f value of the parameter that corresponds to T q as determined from a
second-order least-squares curve fit of the parameter versus T
g prefire propellant temperature group whose data are to be transformed



h value of the parameter that the explicit motor would be expected to
experience if the prefire propellant temperature had been T d

i value of the parameter experimentally acquired from the explicit motor
whose data are to be transformed

i value of the parameter that corresponds to _’fg as determined from

a second-order least-squares curve fit of the parameter versus T

1 lower

t throat

u upper

\4 vacuum

1 one-sided

2 two-sided

Operator:

—  average (suchas F)
RELATED SOLID PROPELLANT ROCKET MOTOR THEORY

Ratio of Propellant Burning-Surface Area to Nozzle-Throat Area

Solid propellants burn in parallel layers and regress normal to the pro-
pellant surface (fig. 1(c)). Therefore, at any increasing distance normal to
the original propellant surface, the exposed surface area can be predicted
(fig. 4). Assuming that nozzle-throat erosion is reproducible, a geometric
relationship can be determined between the ratio of propellant burning-surface
area to nozzle-throat area KN and the distance regressed normal to the

original propellant surface (fig. 5).

The chamber pressure of a solid propellant rocket motor, with fixed
geometry and given propellant characteristics at a known propellant



temperature, is a function of KN The relationship between KN’ chamber

pressure, and propellant temperature is generally determined experimentally
and can, in some cases, be quite complex (fig. 2). However, the relationship

between KN and motor chamber pressure for limited chamber-pressure

ranges can be approximated for a given propellant at a known propellant tem-
perature by the following empirically determined relationship (fig. 6)

K, =bpP™ (1)
where

b = KN equation coefficient.

P = chamber pressure.

m= KN equation exponent.

Burning Rate

Burning rate r is the rate at which a solid propellant is consumed. It
is measured in a direction normal to the propellant surface and expressed by
in. /sec. The burning rate of a specific propellant is a function of chamber
pressure and propellant temperature. The complex relationship between
burning rate, chamber pressure, and propellant temperature (fig. 2) can be
approximated for a given propellant at a known propellant temperature for
limited chamber pressure ranges by the following empirically determined
relationship (fig, 6)

r=apP" (2)
where

a = burning-rate equation coefficient,

n = burning-rate equation exponent,




PROPELLANT THERMAL SENSITIVITY

Data obtained from test firings, conducted at different propellant tem-
peratures, can be transformed to any common temperature of interest within
the extremities of the available test data by any one of three processes.
These processes are constant pressure, constant burn rate, and constant KN

Compensations must be made for factors such as erosive burning and pressure
losses along the length of the grain perforation during motor operation. The

constant KN process presented in this report is based ona constant geo-

metric configuration at specifically regressed distances normal to the original
propellant surface that compensates for the above mentioned factors. The
actual regressed distance need not be known as long as the transformations
are conducted at a constant regressed distance. This transformation method
is also valid for the average geometric configuration during a time interval
corresponding to a specific regressed distance (such as burn time, action

time, and tail-off time).
Chamber-Pressure Transformation-Equation Derivation
The chamber-pressure transformation equation can be derived by first

taking the natural logarithm of equation (1) giving

anN=1nb+(m)1nP (3)

Taking the partial derivative of equation (3) with respect to the propellant
temperature T at a constant KN’ and assuming m is independent of tem-

perature, yields

2

3T (m KN) K

0 =

n

(inb)y + (m)o(ln B) (4

oT N N



Therefore,

0
= (In b)
oT KN
8?1' (n P)K.N =- m (5)

The expression 5%.— (ln P)KN is defined as the temperature sensitivity coef-
ficient of chamber pressure (ref. 1) and is expressed as Tg -
Performing the indicated differentiation of equation (5) yields

K™ [% (g—ITJ)] Ky ©)

Integrating equation (6) yields
d f
_ dP
/ 7TK dT = / —P— (7)

where

T = mean propellant temperature of the motors in the propellant tem-
perature group whose data are to be transformed.

T , = desired propellant temperature or the propellant temperature to
which the experimental test data are to be transformed.

Pj = chamber pressure that corresponds to Tg as obtained from a
second-order least-squares curve fit of the experimentally



determined chamber pressures, at the specific regressed distance
of interest normal to the original propellant surface, versus pro-
pellant temperature (fig. 7).

P

s = chamber pressure that corresponds to T g s obtained from a

second-order least-squares curve fit of the experimentally deter-
mined chamber pressures, at the specific regressed distance of
interest normal to the original propellant surface, versus propel-
lant temperature (fig. 7).

All least-squares curve fits are of the form Inx =a + by + cy2
where x is the dependent parameter, y is the independent parameter,
and a, b, and c are constants.

The mean value theorem permits writing equation (7) as

_ . [d 4 "1 dp g
X T= P (®)
T P.
g

* .
where TK is the average value of T Over the path of constant KN from
- %

Tg to T d: This quantity Tk will hereafter be referred to as LT
Performing the indicated integration of equation (8) yields

Y (Td - Tg) = [ln P, - In Pj]KN 9)




Therefore,

K

(10)

By rearranging equation (10), the chamber pressure for each motor in
the prefire propellant temperature group Tg (experimentally determined at

the specific regressed distance for which Tx

was calculated) is transformed

to the chamber pressure corresponding to the desired prefire propellant tem-

perature

where

(11)

P, = expected chamber pressure (at the specific regressed distance of
interest normal to the original propellant surface) of the explicit

motor if the propellant temperature had been T

d

P. = chamber pressure experimentally determined at the specific
regressed distance of interest normal to the original propellant
surface of the explicit motor whose data are to be transformed.

T. = actual propellant temperature of the explicit motor whose data are

to be transformed.



Burning-Rate Transformation- Equation Derivation

Reference 1 presents a relationship between m and n, m=1-n,
thus equations (1) and (2) may be combined and rearranged to give

P-= (ﬁ) (12)

r= a(ﬁ> (13)

Taking the natural logarithm of equation (13) gives

(14)

1nr=1na-<-1_1_l—n>lnb+( >1nK

n
1-n N

Partial differentiation of equation (14) with respect to the propellant tempera-
ture T at a constant KN’ and assuming n is independent of temperature,

yields

d 2

The expression %(ln r)K is defined as the temperature sensitivity coef-
N
ficient of burning rate (ref. 1) and is expressed as oK

10



R I T e T T

AL

Performing the indicated differentiation of equation (15) yields

°k T {(‘fl‘) _a%:l K (16)

Integrating equation (16) yields

d t dr
r

where

r]. = burning rate that corresponds to Tg as obtained from a second-

order least-squares curve fit of the experimentally determined
burning rates, at the specific regressed distance of interest
normal to the original propellant surface, versus propellant
temperature (fig. 8).

r, = burning rate corresponding to T q 28 obtained from a second-order

f
least-squares curve fit of the experimentally determined burning
rates, at the specific regressed distance of interest normal to the
original propellant surface, versus propellant temperature (fig. 8).

The mean value theorem permits writing equation (17) as

] * Td I‘fdr
K f dt = / — (18)
r
T i
g % K

11



where oK* is the average value of og over the path of constant KN from

— *
Tg to T d- This quantity oK will hereafter be referred to as 'S Per-
forming the indicated integration of equation (18) yields

O [Td - Tg:l = l:ln re - In rj] o (19)
N
Therefore,

O =| == | [In (20)

By rearranging equation (20), the burning rate for each motor in the
propellant temperature group Tg (experimentally determined at the specific

regressed distance for which ¢, was calculated) is transformed to the burn-

K
ing rate corresponding to the desired propellant temperature

(21)

where

r, = expected burning rate (at the specific regressed distance of interest
normal to the original propellant surface) of the explicit motor if
the propellant temperature had been T q°

r. = burning rate experimentally determined at the specific regressed
distance of interest normal to the original propellant surface of the
explicit motor whose data are to be transformed.

12




Time Transformation Equation Derivation

Since burning rate is the rate at which a solid propellant is consumed,

T = (22)

€

where

T= average burning rate during time interval t.

w = propellant thickness consumed (measured normal to the
original propellant surface) during time interval t.

Assuming that the thermal expansion of the propellant is negligible and
substituting equation (22) in equation (20)

= | —2—||md (23)

where

t. = estimated motor operating time interval at temperature Tg
(fig. 9).

t, = estimated motor operating time interval at temperature T

f d
(fig. 9).

13



By rearranging equation (23), the measured operating time interval for
each motor in the propellant temperature group Tg is transformed to the

operating time interval corresponding to the desired propellant temperature

t, = : (24)

where
t. = measured operating time interval of interest of the explicit motor
whose data are to be transformed.

th = estimated operating time interval of each motor at propellant tem-
perature T q°

Thrust Related Calculations and Transformation Equation
In order to transform longitudinal thrust in the simplest manner and also
to provide the capability of handling motors that utilize as many as four noz-

zles (with equal or unequal expansion ratios) and with a nozzle cant angle (such
as the Apollo launch escape motor), the thrust measurements are first cor-

rected to vacuum pressure altitude
F.=F + PaAe cos ¢ (25)

where

F. . = measured average longitudinal thrust of each motor during the
time interval of interest corrected to vacuum pressure altitude.

F. = measured average longitudinal thrust of each motor during the
time interval of interest.

14



P = ambient pressure experienced by each motor during the time inter-
val of interest.

Ae = total nozzle-exit area.

¢ = nozzle cant angle from the longitudinal centerline of the motor.

Equation (25) can also be used to correct thrust data to any pressure
altitude of interest; however, it should be noted that there has been no attempt
to evaluate the performance data during the time interval of nozzle flow sepa-
ration.

The average longitudinal thrust for each motor in the propellant temper-
ature group Tg (experimentally determined at the specific regressed distance

for which Tk Was calculated) is transformed to the average longitudinal

thrust corresponding to the desired propellant temperature

— _ (Pn
Fon= Fi\ B, (26)

where

F ., = average expected thrust of the explicit motor if the propellant

vh temperature had been T d

STATISTICAL ANALYSIS

When parameters are experimentally determined, it is desirable for
design, performance, and reliability evaluations to establish limits or bounds
which contain a desired percentage of a specific parameters population, with
a confidence or probability that the intended condition is satisfied. The bounds
thus established are called tolerance limits.

To determine these tolerance limits, a frequency distribution must be
assumed. This paper assumes normal distribution since experience has

15




shown that the majority of experimental data is approximately normally dis-
tributed. Although a check for normality may be performed, moderate
departure from the assumed distribution will not seriously affect the tolerance

limits computed.

Given a sample of data, the mean is estimated by

< X
X =5 (27)

and the standard deviation is estimated by

) 2
Nzx? - (2X)
S '\[ N(N - 1) (28)

where

N = the number of points in the sample.
X = experimentally determined values that make up the sample.

Now that estimates of the mean and standard deviation are known, tolerance
limits may be determined. The tolerance limits are the bounds which with
probability ¥ contain at least P percent of the population.

The tolerance limits are of the form

u=Xz+ Ks (29)
where

K = tolerance factor.

16



Note:

K1 = tolerance factor for one-sided tolerance limits.

K2 = tolerance factor for two-sided tolerance limits.

This equation may be applied in two different ways. It can be used to deter-
mine the two-sided tolerance limits (fig. 10), or for determining either the
upper or the lower one-sided tolerance limit (fig. 11).

Two-Sided Tolerance Limits

The two-sided tolerance limits are the upper and the lower bounds that
will enclose at least the desired percentage of the expected population with a
preselected confidence. The tolerance factors required in equation (29) are
given in table I with confidence ¥ for P percent of the expected population
and N data points.

Example: A sample of 25 points with X = 10.02 and s = 0. 13.

Two-sided tolerance limits for 90 percent of the population with 95 percent
confidence are desired. From table I, for P =0.90 and y =0.95, K= 2,208.

u=X+K,s = 10,02 = (2.208) (0.13) = 10.02 + 0. 29

2

Therefore, with 95 percent confidence, at least 90 percent of the population
lie between 9.73 and 10. 31.

One-Sided Tolerance Limits

The one-sided tolerance limit is the upper or the lower bound below
which or above which at least the desired percentage of the population can be
expected to lie with a preselected confidence. The tolerance factors required
in equation (29) are given in table II with confidence ¥ for P
(where P =1 - a) percentage of the expected population and N data points,

17



Example: Find the one-sided tolerance limit for the preceding example.
From table I, K= 1.838

u=X=+K,s=10.02 + (1.838) (0.13) = 10. 02 = 0. 24

1

Therefore, with 95 percent confidence, at least 90 percent of the population
lies either above 9.78 or below 10. 26.

The computer program presented in appendix A calculates estimated
standard deviation, one-sided tolerance limits, and two-sided tolerance
limits for both physical data and transformed general performance parameters
over selected time intervals. The computer program presented in appendix B
calculates estimated standard deviation and one-sided tolerance limits
or two-sided tolerance limits for transformed instantaneous performance
data versus time.

GENERAL SOLID PROPELLANT ROCKET MOTOR PERFORMANCE
COMPUTER PROGRAM USING THE GROUP
TRANSFORMATION METHOD

General Description

This computer program was written at the Manned Spacecraft Center
in Fortran IV for the IBM 7094 computer with 32K storage. The program
transforms general performance parameters for selected time intervals
acquired from as many as three different propellant temperature groups to a
like number of propellant temperatures of interest for a solid propellant
rocket motor of fixed geometry and a given propellant. The transformations
are performed for the average geometric configuration during the time inter -
vals that correspond to the specific regressed distances of interest (such as
burn time, action time, and tail-off time).

The actual regressed distances need not be known as long as the trans-
formations are conducted at the average geometric configuration for the spe-
cific regressed distances. - Statistical calculations are performed on both
physical data and general performance parameters after the parameters have
been transformed to the specific common temperatures of interest. The
input format for the program is presented in table III.

18




Computer Deck Setup

This program exceeds 32K core storage, and the overlay feature of
Fortran IV is employed to allow the program to be run as a single input job.

Six decks constitute the program in its entirety and include a calling
program and five subroutines. '

The actual deck setup for the IBM 7094 is illustrated in figure 12.
1. Setup Cards

$JOB card
$IBJOB card

2. Program

DRIVER

STATS

$ORIGIN ALPHA card
MOTORS

GLS1

$ORIGIN ALPHA card
MOT2

MOT3

3. Data

$DATA
DATA deck
7/8 card

DRIVER. - DRIVER is the executive routine required in an overlayed

program. This routine never leaves the machine storage area and calls the
various overlayed subroutines.

Subroutine STATS. -~ Subroutine STATS computes the mean and the stan-
dard deviation of an input array of given size. Due to the computer arithmetic
methods, standard deviations were sometimes found to exist with a small non-
zero value when all elements of the input array were identical. To avoid this
difficulty, standard deviation is set to zero if its ratio to the mean is less
than 0.00025. Since STATS is used by all overlayed sections of the program,
it has been placed in the permanent storage area with DRIVER.

19



Subroutine MOTORS. - Subroutine MOTORS reads in all the data. It
sorts the data for each motor into the proper propellant temperature group
and does performance calculations on the input data. It calculates the trans-
formation factors for pressures and times (”K and GK) and performs the

transformations on these data.

Subroutine GLS1. - Subroutine GLS1 is used to calculate a second-order
least-squares curve fit of the natural logarithms of the chamber pressures
and the operation time intervals versus propellant temperature.

Subroutine MOT2. - Subroutine MOT?2 calculates transformed thrusts,
impulses and specific impulses, and the tolerance limits at each desired
pressure altitude.

Subroutine MOT3. - Subroutine MOT3 calculates transformed burning
rate, characteristic velocity, and their tolerance limits.

Program Restrictions

This program was written to perform the desired transformations for a
maximum of 15 motors per experimental prefire propellant temperature group,
3 experimental prefire propellant temperature groups, and 9 time intervals
such as ignition delay time, thrust rise time, burn time, total time, and so
forth.

The input restrictions are that the number of propellant temperatures
(to which the data are to be transformed) must equal the number of experi-
mental temperature groups, the first ambient pressure (EXPA (1)) must
equal zero psia (vacuum), and the desired temperatures must be in ascending

order.

Care must be exercised in the evaluation of the program results. For
example, outputs of specific impulse, total impulse, and chamber pressure
integral are meaningless if instantaneous data are inputed. The evaluation
of data acquired during nozzle flow separation is beyond the scope of this pro-
gram; therefore, action time, tail-off time, and total time data must be care-
fully handled. It should be noted that the output values for characteristic
velocity (CSTAR) are valid for total time only.
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Output Formats

The output formats are basically of two types: transformed data and
nontransformed data. Table IV presents a typical page of nontransformed
data output. The type of output (time, pressure, thrust, or other parameters)
is identified in the upper left corner of the page. The nine columns represent
the motor operating time intervals of interest (such as ignition delay time,
thrust rise time, burn time, total time, and so forth). Nine columns will
always be printed out even though fewer time intervals are inputed. The non-
used columns will be printed out as zeros. At the left of the page, each motor
is identified by its alphanumeric identification code, and the motors are sepa-
rated into propellant temperature groups (up to three). Means and standard
deviations are printed out for the motors in each temperature group. In three
instances (thrust, impulse, and specific impulse) identical formats are used
for different values of pressure altitude. The pressure altitude is printed out
at the top of the page.

Table V presents a typical output page of transformed data. Each out-
put page represents one time interval such as ignition delay time, thrust rise
time, burn time, total time, and so forth. The time interval is printed out
in numerical form (time no. 1, time no. 2, time no. 3, and up to time no. 9)
in the upper left corner of the page and must be correlated with the time defi-
nitions in the input data (time no. 1 = ignition delay time, time no. 2 = thrust
rise time, time no. 3 = burn time, or up to time no. 9 = total time). The type
of output (time, pressure, thrust, and other outputs) is printed out at the top
of the page. The three columns represent the three propellant temperatures
to which the input data have been transformed. At the left of the page each
motor is identified by its alphanumeric identification code, and the motors are
separated into the original propellant temperature groups (up to three). Means
and standard deviations are printed out for motors in each temperature group.
Means, standard deviations, and tolerance limits are printed out for the three
groups as a whole. In three instances (thrust, impulse, and specific impulse)
identical formats are used for different values of pressure altitude. The pres-
sure altitude is printed out under the type of output,
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SOLID PROPELLANT ROCKET MOTOR PERFORMANCE VERSUS
TIME COMPUTER PROGRAM USING THE GROUP
TRANSFORMATION METHOD

General Description

This computer program was written at the Manned Spacecraft Center
in Fortran IV for the Univac 1107 computer with 65K storage. The program
effectively transforms experimentally obtained thrust-and-chamber pressure
versus time data (acquired for as many as three different propellant tempera-
ture groups) to a common propellant temperature of interest for a solid
propellant rocket motor of fixed geometry and a given propellant. The
transformations are performed at specific regressed distances normal to
the original propellant surface. The actual regressed distance need not be
known, as long as the transformations are conducted at a constant regressed
distance (such as percents of burn time and percents of tail-off time). See

figure 13.

Statistical calculations are performed on the test data after they have
been transformed to the specific common temperature of interest. The input
format for the program is presented in table VI.

Computer Deck Setup

Twelve decks constitute the program in its entirety, including a main
program and 12 subroutines. The program for the Univac 1107 is illustrated

in figure 14.
1. Setup Card
$JOB card
2. Program

MAIN
SRCH1
LSTSQ
CURVE
STATS
GLS1
ACCEND
NORML.Z
FIXIT
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STDEV
CF2F1
CF2F2
QUIKMV

3. Data

XQT card
DATA deck
EOF card
FIN card

MAIN program. - The MAIN program reads in all data and sorts the data
for each motor into its proper prefire propellant temperature group. It then
calls the CURVE FIT routines to curve fit both input pressure and input thrust
versus input time. It subdivides burn time and tail-off time into the required
number of subintervals (fig. 13). Finally, it calls subroutine LSTSQ to com-
pute the transformed data.

Subroutine SRCH1. - Subroutine SRCH1 computes time increments in
terms of percent web time and percent tail-off time (fig. 13). The subroutine
then selects from the CURVE FIT routines the proper cubic coefficients for
the particular time increment being considered. After the proper coefficients
have been selected, the subroutine uses them to compute the values of the
ordinate (pressure or thrust) at each time increment and returns these values
to the main program.

Subroutine LSTSQ. - Subroutine LSTSQ computes the transformation
factors for pressures and times ('nK and OK) and performs the transforma-

tions on these and thrust data at each percent web time and at each percent
tail-off time and prints them out as final answers. Graphs of the final answers
are also produced (see subroutine QUIKMYV).

Subroutine STATS. - Subroutine STATS computes the mean and standard
deviation of an input array of given size. Due to computer arithmetic
methods, standard deviations were sometimes found to exist with a small
nonzero value when all elements of the input array were identical. To avoid
this difficulty, standard deviation is set to zero if its ratio to the mean is less
than 0. 00025.

Subroutine GLS1. - Subroutine GLS1 is used to calculate a second-order
least-squares curve fit of the natural logarithms of chamber pressures, and
motor operation times (at each experimentally determined percent web time
and percent tail-off time) versus propellant temperature.
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CURVE FIT routines. - The CURVE FIT routines consist of subroutines
CURVE, ACCEND, NORMLZ, FIXIT, STDEV, CF2F1, and CF2F2. These
subroutines fit an input ordinate array versus an input abscissa array using a
piecewise cubic least-squares curve fit. Because of the piecewise nature of
the fit there are NPTS-ICON +1 sets of cubic coefficients, where NPTS is the
size of the input arrays, and ICON points are fit in each piece. Each coeffi-
cient set is valid over a limited interval. The coefficients may be printed out
by setting input parameter IPRNT to 1.

Subroutine QUIKMYV. - Subroutine QUIKMYV is a MSC general plot routine
for the SC-4020. It has not been included in appendix B since most facilities
use plotting routines individually suited to the available plotting equipment.
The call to this routine may be deleted, or a dummy routine substituted, with-
out affecting the overall program.

Program Restrictions

This program was written to perform the desired transformation for as
many as 15 motors per experimental propellant temperature group, 3 experi-
mental propellant temperature groups, and 200 selected inputs of time with
corresponding chamber pressure and thrust for each motor.

Since the program is limited to 200 inputs of time with corresponding
chamber pressure and thrust for each motor, care must be exercised in
choosing the input points in order that they best define the variation of chamber
pressure and thrust versus time for each motor (fig. 15). Care must also be
exercised in choosing the proper output points that best define the variations
of chamber pressure and thrust versus time. This can be accomplished since
burn time can be subdivided into as many as five subintervals, and tail-off
time can be subdivided into as many as four subintervals. As many time
increments (percents of web time and/or percents of tail-off time) as desired
can be generated to define the variation of chamber pressure and thrust ver-
sus time for each subinterval as long as the total does not exceed 200 points

(fig. 13).

Output Formats
The outputs consist of the transformed results in computer printout

form, such as presented in tables VII and VIII, and SC-4020 graphs as shown
in figures 16(a) and 16(b).
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The transformed results present the statistics (mean and tolerance
limits) of the transformed time, chamber pressure, and thrust at the desired
percent of burn time and percent tail-off time. Transformed thrust statistics
can be presented for as many as three desired pressure altitudes.

CONCLUDING REMARKS

The method and computer programs presented in this report were de-
veloped at the Manned Spacecraft Center specifically to evaluate the perform-
ance of the solid rockets used in the Apollo Launch Escape System. From the
conception, however, the method of solution, including the machine programs,
was intended to be generally applicable for any rocket motor utilizing a single
propellant grain with no throttling capability.

The programs were designed for two types of evaluations. Often, in the
requirements, motors are constrained to operate within a given performance
regime during some portion of the firing, while delivering a specified nominal
performance over the total operation. The program presented in appendix A
was intended to evaluate the more stringent constraints placed upon the launch
escape motor where both the maximum thrust level and the minimum impulse
were specified for an initial phase of firing, and an overall minimum perform-
ance required for the abort mission.

The program presented in appendix B compares the transformed thrust-
time and pressure-time relationships of all motors tested to define the ex-
pected limits of the performance at any temperature. This program has been
used to describe the general thrust and pressure characteristics for documen-
tation and product variance purposes.

It is anticipated that these programs will be valuable, particularly for
contracting agencies and prime contractors, in the evaluation of solid rocket
test data.

Manned Spacecraft Center
National Aeronautics and Space Administration
Houston, Texas, June 29, 1966
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TABLE L. - TWO-SIDED TOLERANCE FACTORS FOR NORMAL DISTRIBUTIONS?

Factors K such that the probability is y that at least a proportion P of the
distribution will be included between X + Ks, where X and s are estimates
of the mean and the standard deviation computed from a sample of N

vy = 0.75 v = 0.90 y = 0.95 y = 0.99

\N 0.75 | 0.90 | 0.95 | 0,99 {0.999} 0.75 | 0.90 | 0.95 | 0,99 [0.990} 0.75 | 0.90 | 0.95 | 0.99 10.999 0.75 | 0.90 | 0.95 | 0.98 | 0.999
2 | 4.408 6.301] 7.414] 9.631|11.920j11.407(15.97818,800/24.167(30.227|22.858/32.019,37.674|48. 430 60.573[114.383 160.193|188.401|242.300|303. 054
3 | 2.501] 3.538| 4.187| 5.431; 6.844 4.132 5.847| 6.919| 8.974|11.300} 5.922| 8.380| 9.916/12.861/16.208) 13.378 18.930| 22.401 20.055 36.616|
42 035? 2.802; 3.431' 4,471} 5.657) 2.932] 4.166; 4.943} 6,440; 8.149| 3.779' 5.369' 6.370, 8.200 10.502| 6.614) 9.398/ 11.150 14.527| 18.383
5 | 1.825' 2.599' 3.088 4.033 5.117 2.454{ 3.494 4.1‘52& 5.4233\ 6.879 3.002' 4.276 5,079 6.634 8,415 4.643; 6.612] 7.855 10.260{ 13.01
6| 1.704 2.420 2.880 3.779 4.802) 2.196. 3.131' 3.723 4,870 6.188 2.604 3.712 4.414 5,775 7.337 3.743 5.337 6.345 8.301] 10.54
7| 1.624 2.318 2.757 3.611' 4,503 2.034 2.902 3.452 4,521 5.750, 2.361 3.369 4.007 5.248 6.676| 3.233 4.613) 5.488 7.187 9.14
8 1,568 2.238 2.663 3.401 4.444) 1.921 2.743 3.264 4,278 5.446) 2.197 3.136 3.732 4.891 6.226] 2.905 4.147] 4.036 6.468 8.234
O 1.525 2.178 2.593 3.400 4.330, 1.839 2.626 3.125 4.098 5.220. 2.078 2.967 3.532 4.631 5.809 2.677 3.822 4.550 5.966 7.600
10 1,492 2,131 2.537 3.328 4.241) 1.775 2.535. 3.018 3.959 5.046' 1,087 2.839 3.370 4.433 5.649| 2.508 3.582 4.265 5.504 7.120
11 1.465 2.093 2.493 3.271 4.1691 1.724 2.463 2.933 3.849 4.906 1.916 2.737 3.250 4.277 5.452 2.378 3.397 4.045 35.308 6.766
12 1.443 2.062 2.456 3.223 4.110 1.683 2.404 2.863 3.758 4.792 1.858 2.655 3.162 4.150 5.201 2.274 3.250 3.870 §5.079 6.477
13 1.425 2.036 2.424 3.183 4.059. 1.648, 2.355 2.805 3,682 4.607: 1.810° 2.587 3.081' 4.044 5.158 2,190 3.130 3.727 4.893 6.240
14 1,409) 2,013 2,398 3,148 4.016 1.619 2.314 2,756 3.618 4.615 1.770 2.529 3.012 3.955 5.045 2,120 3.020 3.608 4.737 6.043
15 1,305 1,004 2,375 3.118 3.079: 1.504 2.278 2.713 3,562 4.545 1.735 2,480 2.954 3.878 4.949° 2.060 2.045 3.507 4.605 5.876
16 1.383 1,977 2.355 3.002 3,046, 1,572 2.246 2.676 3.514 4.484 1,705 2.437 2.903 3.812 4.865 2.000 2.872 3.421 4.492 5.732
17 1,372 1,962 3.337; 3.060 3.917 1.552 2.219 2.643- 3.471 4.430' 1,670 2.400 2.858 3.754 4.791 1.965 2.808, 3.345 4.303 5.607
18 1.363 1.048 2.321 3.048 3.801 1.535 2.194 2.614 3,433 4.382 1.655 2.366 2.819 3.702°4.725 1.926, 2.753 3.279, 4.307 5.497
19 1.355 1.936' 2.307 3.030 3.867. 1.520 2.172 2.588 3,390 4.339 1,636 2.337 2.784 3.656 .4.667 1.891 2.703° 3.221 4.230 5.300
20 1.347 1,925 2.204 3,013 3.846 1.500. 2.152 32,504 3,368 4.300 1.616 2.310 2.752 3.615 4614 1.860 2.650 3.168 4.181 B5.312
21 ! 1.340 1.015 2.282 2.098 3.827 1.493' 2.135 2.543 3.8340 4,264 1.509 2,286 2,723 3.577 4.567. 1.833 32.620 3.121 4.100- 5.234
22 1.334 1,006 2.271 32.984 3.800 1,482 2.118 2.624 3,815 4.232 1.884 2.264 2.607 3.543 4£.623 1,808 32.584 3,078 4.044 5. 163
23 1.328 1.898 2.261 2,971 3.793 1.471 2.103 2.506 3,202 4.203 1,870 2.244 2.673 3.512 4.484’ 1,786 2.551 3.040 3,993 B5.008
24 1,322 1.801 3.262 3,950 3.778 1.462 2.080 32.480 3,270 4.176 1,557 32.225 2.651 ‘3.483 4.447| 1.764 2.522. 3.004 3.047 5.039
25 1.317 1.883. 2.244 3.948 3.764 1.483 2.077 2.474 3.251 4.151 1.545 2.2081 2,031 3.457 4.413] 1.745 2.494 232,972 3.904 4.985
26 ' 1,313 1.877 2.236 2.938 3.751 1.444 2.005 2.460 3.232 4.127 1.834' 2.103 2.612 3.432 4.382( 1.737 32.460 2.041 3.805 4.938
27 1.300 1.871 2.220° 2.920 3.740 1.437 2.054 2.447 3.215 4.106 1.523 2.178 2.505 3.4090 4.353' 1,711 2,448 32,914 3.828 4.

4From Techniques of Statistical Analysis by Eisenhart, Hastay, and Wallis.

Copyright 1947, McGraw-Hill Book Company. Used by permission.



TABLE I.- TWO-SIDED TOLERANCE FACTORS

FOR NORMAL DISTRIBUTIONS? - Concluded

Factors K such that the probability is y that at least a proportion P of the

distribution will be included between X + Ks, where X and s are estimates
of the mean and the standard deviation computed from a sample of N

v =075

Le

Copyright 1947, McGraw-Hill Book Company. Used by permission.

¥ = 0.90 v = 0.95 ¥ = 0.99

p 0.75 | 0.90 | 0.95 ; 0.99 |0.999
. . . . . 0.90 .95 | 0.99 0.76 | 0.90 | 0.95 | 0.99 0.75 ‘ 0.90 0.99 | 0,099 '
] R | .
28 | 1,305/ 1,865 2.222) 2.920- 3.728| 1. 2.044 2.435 3.199 514 2.164 2. 579 3.388 1.695 2.424' 2. 3.794 4.845
20 ' 1.301f 1.860' 2.216° 2.911 3.718| 1. 2.034 2.424 3.184 505 2.152 2.564 3.368 1,681 2,404 2. 3.763 4.%05
30 ! 1.207' 1.855 2.210 2.904 3.708] 1. 2.025 2.413 3.170 497 2.140 2.549 3.350 1.668. 2.385 2. 3.733 4.768
31 1.204 1,850 2.204 2.896 3.699) 1, 2.017 2.403 3.157 4891 2.129 2.536 3.332 1.656 2.367 2. 3.706 4.732
32 1.201 1.846 2,199 2.890 3.690| 1. 2.009 2.393 3.145 4. .481| 2,118 2,524 3.318 1.644 2.351 2, 3.680 4.699
33 1.288 1.842 2,194 2.883 3.682f 1. 2.001 2.385 3.133 4. .475| 2.108 2.512 3.300 1.633 2.335 2. 3.655 4.668:
34 1.285 1.838 2,189 2.877 3.674 1. 1.904 2.376 3.122 3. .468| 2,009 2.501 3.286 1.623 2,320 2. 3.832 4.639|
35 1.283 1,834 2,185 2,871 3.667 1. 1,988 2.368 3.112 3. .462| 2,090 2.490 3.272 1.613 2,306 2. 3.611 4.611
36 1.280 1.830 2.181 2.866 3.660; 1. 1.981 2.361. 3.102 3. .455| 2.081 2.479 3.258 1.604 2.203 2. 3.590 4.585
37 1.278 1.827 2.177 2.880 3.053{ 1. 1,875 2.353 3.092 3. .450' 2.073 2.470- 3.246 1.595 2.281 2, 3.571 4.560
38‘ 1.275 1.824, 2.173 2.855 3.647; 1. 1.969 2.346 3.083 3. .446 2.068 2.464 3.237 1.687 2.269 2. 3.552 4.537
39 . 1.273! 1.821 2,169 2.850' 3.641) 1. 1.964 2.340 3.075 3. .441 2,060 2.455 3.226 1.579  2.257 2. 3.534 4.514
40 1.271 1.818 2,166 2.840 3.635] 1. 1.859 2.334: 3.0686 3. L435 2.052 2.445. 3.213 1,571 2.247 2. 3.518 4.493
41 1.269 1.815 2,162 2.841 3.629( 1. 1.954 2.328 3,058 3. .430 2,045 2.437 3.202 1.564 2.236 2, 3.502 4.472
42 1.267 1.812 2.159 2.837| 3.624( 1. 1.940 2.322 3.051 3. .426 2.039 2.429 3.192 1,667 2.227 2, 3.486| 4.453)
43 | 1.266 1.810 2.156 2.833| 3.619| 1. 1.944 2,318 3.044 3. .422 2,033 2.422 3.183 1.551 2.217 2. 3.472| 4.434:
44 | 1,264 1.807 2.153 2.829| 3.614| 1. 1.940 2.311 3,037 3. .418 2,027 2.415 3.173 1.545 2.208 2. 3.458 4.416
45 | 1.262| 1.805| 2,150| 2.826| 3.609| 1. 1,935 2.306' 3.030 3. .414 2.021 2.408 3.165 1.538, 2.200) 2. 3.444) 4,399
46 | 1.261| 1.802| 2,148 2.822| 3.605| 1. 1.931 2.301 3.024 3. .410 2.016 2.402 3.156 1.533, 2.192| 2. 3.431| 4.383
47 | 1.259| 1.800| 2.145 2.819| 3.600] 1. 1.927 2.207| 3.018 3. .406 2.011 2,396 3.148 1.527| 2.184| 2. 3.419| 4.367
48 | 1.258| 1.708| 2,143 2.815 3.596) 1. 1.924 2.202| 3.012 3. .403 2.006| 2.390 3.140! 1.522| 2.176) 2. 3.407) 4.352
49 | 1.256 1.706 2.140| 2.812) 3.592| 1. 1.920 2,288 3.006 3. .399 2.001] 2.384 3.133 1.517| 2.169 2. 3.306| 4.337
50 | 1.255/ 1.704| 2.138| 2.809| 3.588( 1. 1.016| 2.284| 3.001 3. .396, 1.996| 2.379 3.126 1.512) 2.162) 2. 3.385| 4.323
51 | 1,253 1.702| 2,135 2.806| 3.584| 1. 1.913| 2,279| 2.995 3. .393| 1.992| 2.373| 3.119 1.507| 2.165| 2, 3.374| 4.310
62 | 1.252| 1.790| 2.133| 2.803| 3.581f 1. 1.910| 2.276; 2.990 3. .390| 1.988 2.368| 3.112 1.503| 2.148| 2, 3.364| 4.297
53 | 1.251) 1.789| 2.131| 2.801| 3.577f 1. 1.907| 2.272| 2.985| 3. .387| 1.984 2.363| 3.106 1.498) 2.142| 2, 3.354| 4.284
54 | 1,250 1.787| 2.129| 2.798| 3.574| 1. 1.904| 2.268| 2.981 ,384| 1,080( 2.359| 3.100| 1.494| 2.136| 2. 3.344| 4.272
85 1 1.249) 1.785| 2.127 2.795| 3.571| 1. 1.901) 2.265| 2.976 .382| 1.976| 2.354| 3.004 1.490| 2.130| 2. 3.335 4.260
86+ .1.247) 1.784| 2.125 2.793| 3,567| 1. 1.898( 2.261| 2.972 .379| 1,972| 2,350 3,088 1.4868 2.124 3.328| 4.249
87 | 1.246) 1.782| 2.123 2.790| 3.564| 1. 1.805| 2.258| 2.967 .377) 1.968| 2.345| 3,082 1.482| 2.119 3.318) 4.238)
887 1.245 1,781] 2.122| 2.788| 3.561) 1. 1.892| 2.255( 2.963 .374 1.965| 2,341 3.076| 1.478) 2.113 3.309| 4.227
80 | 1.244) 1.779| 2.120, 2.786| 3.558; 1. 1.800| 2.252( 2.959 372| 1.961| 2.337{ 3.071 1.474| 2.108 3.301 4.210
00 | 1.243] 1.778) 2.118] 2.784| 3.566] 1. 1.887| 2.248( 2.955 .369; 1.958 2.333} 3.00606 1.471) 2.103 3.203) 4.208
61 | 1,242 1.776| 2.117| 2.781) 3.5883] 1. 1.885| 2.245| 2.951 .367] 1,955 2.320| 3.061 1.467| 2.098 3.285 4.196
68 | 1,341} 1.775] 3,115) 3,770| 8.550] 1 1.883) 2.343| 3.947 305! 1,951| 3,825 3.050 1.404) 2,008 3,378 4.187
63 | 1.240] 1,774 2.113| 3,777 8.548 1.880 3.240] 3.944 368| 1,048 3.323 8.081 1.461] 2.080 3.5 4.178
&4 | 1.240) 1.772] 2.113| 3.775) 3. 1.878| 2.337} 3.940 361 1.948] 2.818 3.046 1.458) 2,084 3.204| 4.100

a . - . .
From Techniques of Statistical Analysis by Eisenhart, Hastay, and Wallis.
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TABLE IL - ONE-SIDED TOLERANCE FACTORS FOR NORMAL DISTRIBUTIONS®

Factors K such that the probability is 7 that at least a proportion 1 - a of
the distribution will be less than X + Ks (or greater than X - Ks), where

X and s are estimates of the mean and standard deviation computed from

a sample of size N

L

¥y=0.75 vy =0.90 - y=0.95 v=10.99

N 0.25 0.10 0.05 0.01 0.001]0.25 0.10 0.05 0.01 0.001]|0.25 0.10 0.05 0.01 0.001 |0.25 0.10 0.05 0.01 0.001

3 |1.464 |2,501 |3.152 }4.396 |5.805| 2.602 |4.258| 5.310 | 7.340 | 9.651 | 3.804 | 6.158 |7.655 |10.552 (13.857

4 |1.256 |2.1342.680{3.726 (4.910|1.972|3.187|3.957 |5.437 |7.128 |2.619 |4.163 |5.145 | 7.042 | 9.215

5 11.152 |1.961 | 2.463 | 3.421 (4.507| 1.698 | 2.742 | 3.400 | 4.666 | 6.112 | 2,149 | 3.407 {4.202 | 5.741 | 7.501
6 |1.087 |1.860|2.336 |3.243 |4.273 | 1.540 2.494|3.091 | 4.242 | 5.556 | 1.895 | 3.006 |3.707 | 5.062 | 6.612 |2.849| 4.408 (5.409 | 7.334 |9.540
7 |1.043 |1.791 " 2.250 | 3.126 |4.118|1.435 2.333|2.894 {3.972|5.201 |1.732 |2.755 |3.399 | 4.641 | 6.061 |2.490| 3.856 (4.730| 6.411 |8,348
8 |1.010 |1.740 2.190|3.042 |4.008 | 1.360 2.219 | 2.755 |3.783 14,955 |1.617 | 2.582 |3.188 | 4.353 | 5.686 |2.252 | 3.496 |4.287| 5.811 |7.566
9 [0.984 1,702 2,141 |2.977 [3.924|1.302 2.133| 2,649 |3.641 4,772 |1,532 | 2,454 |3,031 | 4.143 | 5.414 |2,085| 3,242 | 3,971 | 5,389 |71.014
10 | 0.964 (1.671 2,103 | 2.927 |3.858 | 1.257 2,065 2.568 13.532 4,629 1,465 2,355 |2.911 | 3.981 | 5.203 |1.954 | 3.048 | 3.739 | 5.075 |6,603
11 0.947 |1.646 2.073 2.885 |3.804 1.219 2,012 2.503 3.444 4,515 1,411 2,275 2.815 | 3.852 | 5.036 |1.854| 2,897 |3.557 | 4.828 |6,284
12 0.933 |1.624 2,048 2.851 |3.760 1.188 1.966 2.448 3.371 4.420 1.366 2.210 2.736 | 3.747 4.900 (1,771 2.773 ' 3.410  4.633 |6.032
13 0.919 |1.606 2,026 2.822 |3.722 1.162 1,928 2.403 3.310 4.341 1.329 2.155 2.670 ' 3.6569 4.787 1,702 2,677 |3.290 | 4.472 5,826
‘14 0.909 11,591 2.007 2.796 |3.690 1.139 1.895 2,363 3.257 4.274 1,296 2,108 2.614 8.585 4.690 |1.645' 2.592 |3.189 | 4.336 |5.651
15 0.899 |1.577 1,991 2.776 |3.661 1.119 1.866 2.329 3.212 4,215 1.268 2.068 2.566 3.520 4.607 '1.596 2.521 |3.102 | 4,224 |5,507
16 0.891 1,566 1.977 2.756 3.637 1,101 1,842 2,299 3.172 4,164 1,242 2,032 2,523 3.463 4.534 1,553 2,458 |3.028 | 4.124 5.374
17 0.883 1.554 1.964 2.739 3.615 1.085 1.820 2.272 3.136 4,118 1,220 2.001 2.486 3.415 4.471 1.514 2.405 2.962 | 4.038 5,268
S 18 0.876 1.544 1,951 2.723 3.595 1.071 1.800 2,249 3.106 4,078 1.200 1.974 2.453 3,370 4.415 1,481 2,357 12,906 | 3.961 |5.167
19  0.870 1.536 1.942 2.710 3.577 1.058 1.781 2.228 3.078 4.041 1.183 1.949 2.423 3.331 4.364 1.450 2.315 2.855, 3.893 5.078
20 0.865 1.528 1.933 2.697 3.561 1.046 1.765 2.208 3.052 4.009 1.167 1.926 2.396 3.295 4.319 1.424 2,275 2.807 3.832 |5.008
21 0.859 1.520 1.923 2.686 3.545 1,035 1,750 2,190 3.028 3.979 1.152 1,905 2.371 3.262 4.276 1.397 2.241 2.768 3.776 |4.932
22 0.854 1.514 1.916 2.675 3.532 1.025 1.736 2.174 3.007 3.952 1.138 1,887 2,350 3.233 4.238 1.376 2.208 2.729 8.727 4,866
23 0.849 1.508 1,907 2.665 3.520 1,016 1.724 2.159 2.987 3.927 1,126 1,869 2.329 3.206 4,204 1.355 2.179 2.693 3.680 4,806
24 0.845 1.502 1,901 2.656 3.509 1,007 1,712 2.145 2.969 3,904 1,114 1,853 2.309 3.181 4.171 1,336 2,154 2.663 3.638 4,755
25 0.842 1.496 1.895 2.647 3.497 0.999 1,702 2.132 2.952 3.882 1,103 1.838 2,292 3.158 4.143 1.319 2,129 2.632 3.601 4,706
30 0.825 1.475 1.869 2.613 3.454 0.966 1.657 2.080 2.884 3,794 1.059 1.778 2.220 3.064 4.022 1,249 2.029 2.516 3.446 4.508
35 0.812 1,458 1.849 2,588 3.421 0,942 1.623 2.041 2.833 3,730 1.025 1.732 2.166 2.994 3.934 1,195 1,057 2.431 3,334 4.364
40 0.803 1,445 1.834 2.568 3.395 0.923 1,598 2.010 2.793 3.679 0.999 1.697 2.126 2.941 3.866 1.154 1.902 2.365 3.250 4.255
45 0.795 1.435 1,821 2,552 3.375 0.908 1.577 1.986 2.762 3,638 0.978 1.669 2.092 2.897 3.811 1.122 1.857 2.313 3.181 4,168
50 0.788 1.426 1,811 2.538 3.358 0.894 1.560 1.965 2.735 3.604 0.961 1.646 2.065 2.863 3.766 1,096 1,821 2.296 3,124 4.096

dprom Engineering Statistics by Albert H. Bowker and Gerald J. Lieberman. Copyright 1959, Prentice-Hall, Inc. Used by permission.




TABLE 11, - INPUT FORMAT FOR THE GENERAL SOLID PROPELLANT

ROCKET MOTOR PERFORMANCE COMPUTER PROGRAM

Card Variable
number Format Columns Description Units
@) name
1 CASE A6 1-6 Case number being -
B evaluated
Designation of the
2 2-80 -
HEADING 80H motor being evaluated
Integer designating the
3 NTIMES 12 11-12 number of time inter- _
vals being evaluated
(maximum of 9)
. X Definition of regressed
4 Dgscrlptlon of time 80H 2-80 distance no. 1 (such as -
interval no. 1 L :
ignition delay time)
. f ti Definition of regressed
5 Dgstcr1ption o 2 ime 80H 9-80 distance no. 2 (such as -
Intérval no. thrust rise time)
D ioti £ ti Definition of regressed
6 gstcrlp ion 0 3 1me 80H 2-80 distance no. 3 (such as -
interval no. ignition time)
‘ot £t Definition of regressed
7 Pescription of time 80H 2-80 | distance no. 4 (such as -
interval no. burn time)
_ . ) Definition of regressed
8 Dgstcrlption of5t1me 80H 2-80 distance no. 5 (such as -
interval no. action time)
D ioti £ ti i Definition of regressed
9 A 80H 2-80 distance no. 6 (such as -
interval no. tail -off time)
D ot £ ti Definition of regressed
10 D o me 80H 2-80 distance no. 7 (such as -
interval no. total time)
Description of time Definition of regressed
1 interval no. 8 80H 2-80 distance no. 8 -
12 Description of time 80H 2-80 Definition of regressed -

interval no. 9

distance no. 9

ACards 4 through 12 are shown; however, only NTIMES cards are required.
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TABLE IHI. - INPUT FORMAT FOR THE GENERAL SOLID PROPELLANT

ROCKET MOTOR PERFORMANCE COMPUTER PROGRAM - Continued

Card
number

Variable
name

Format

Columns

Description

13

NP

EXPA(I)b

EXPA(2)

EXPA(3)

EXPA(4)

112

F12.4

F12.4

F12.4

Fi2.4

12

13-24

25-36

37-48

49-60

Integer designating
the number of pressure
altitudes at which the
performance data are to
be reported (up to 4)

First pressure altitude
at which the perform-
ance data are to be
reported

Continue for each indi-
vidual pressure altitude
at which the perform-
ance data are to be
reported {(up to 4)

Units

psia

psia

psia

psia

14

NT®

EXTEM(1)2

EXTEM(2)Y

EXTEM(3)%

112

F12.4

Fi12.4

F12.4

12

13-24

25-36

37-48

Integer designating the
number of prefire pro-
pellant temperatures to
which the performance
data are to be trans-
formed (up to 3)

First prefire propel-
lant temperature to
which the performance
data are to be trans-
formed

Continue for each individ,

ual prefire propellant

temperature to which the
performance data are to
be transformed (up to 3)

°F

bThe first pressure altitude (at which the performance data are to be reported) must be
zero psia (vacuum).
®The number of prefire propellant temperatures (to which the data are to be trans-

formed) must equal the number of experimental temperature groups; therefore, NT on
card 14 must equal NT on card 15.

dThe value of EXTEM(3) must be greater than EXTEM(2) and EXTEM(2) must be greater
than EXTEM(1).



TABLE IMI. - INPUT FORMAT FOR THE GENERAL SOLID PROPELLANT

ROCKET MOTOR PERFORMANCE COMPUTER PROGRAM - Continued

Card Variable

number name Format Columns Description Units

15 NT® 112 12 Integer designating the -
number of prefire pro-
pellant temperature
group (up to 3)

TGRP(1)® F12.4 13-24  |First prefire propellant °F
temperature about which
the motors are grouped
(prefire propellant tem-
perature group no. 1)

TGRP(2)° F12.4 25-36 | Continue for each indi~ op
vidual prefire propel-
lant temperature about
which the motors are
grouped (up to 3)

TGRP(3)° Fi12.4 37-48 °F

16 G W F12.5 1-12 Acceleration of gravity ft/sec2

PHI F12.5 13-24 Nozzle cant (from the rad
longitudinal center line
of the motor)

NTOT 12 25-26 Integer designating the -
time interval that is
total time

NBURN 2 27-28 Integer designating the -

time interval that is
burn time

NF]RSTf 12 29-30 Integer designating the -
first time interval that
all data are to be evalu-
ated (see note)

¢The number of prefire propellant temperatures (to which the data are to be trans-
formed) must equal the number of experimental temperature groups; therefore, NT on
card 14 must equal NT on card 15.

€The value of TGRP(3) must be greater than TGRP(2), and TGRP(2) must be greater than
TGRP(1).

fI.n some cases (as in ignition transient data, for example) it is desirable to transform
only the time data. This is accomplished in the program by inputing "'time only" data in
the first few time intervals, and setting the value of NFIRST to indicate the first time
interval that all data are to be evaluated.
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TABLE III. - INPUT FORMAT FOR THE GENERAL SOLID PROPELLANT

ROCKET MOTOR PERFORMANCE COMPUTER PROGRAM - Continued

Card Variable
number nalleile Format Columns Description

()

17 CT1 F12.4 1-12 One-sided tolerance
factor for transformed
data

CT2 Fl12.4 13-24 Two-sided tolerance
factor for transformed
data

CP1 F12.4 25-36 One -sided tolerance
factor for nontrans-
formed data

CP2 F12.4 36-48 Two-sided tolerance
factor for nontrans-
formed data

18 XMOT A6 1-6 Motor number

FIRETP F12.4 7-18 Prefire propellant
temperature

ENDMOT 12 19-2 Integer designating that
the last motor to be pro-
cessed has been reached
(1 for last motor, 0 for
all other motors)

19 AT1 E12.5 1-12 Throat area of nozzle
no. 1

AT2 E12.5 13-24 Continue for each indi-
vidual nozzle (up to 4)

AT3 E12.5 25-36

AT4 E12.5 37-48

€cards 18 through 26 are required for each individual motor.

Units

in.

in.

in.

in,




TABLE IIi. - INPUT FORMAT FOR THE GENERAL SOLID PROPELLANT

ROCKET MOTOR PERFORMANCE COMPUTER PROGRAM - Continued.

Card .
number Variable Format Columns Description Units
name
(g)
20 AE1 E12.5 1-12 Exit area of nozzle in. 2
no. 1
AE2 E12.5 13-24 Continue for each indi- in. 2
vidual nozzle (up to 4)
AE3 E12.5 25-36 in. 2
AE4 El12.5 37-48 in.2
21 wP E12.5 1-12 Total propellant weight 1bf
WEB E12.5 13-24 Web thickness in.
DENS E12.5 25-36 Propellant density 1b/in., 3
PAF E12.5 37-48 Ambient pressure at the psia
time of motor firing
22 Time 1 F9.4 1-9 Time interval required sec
to achieve regress dis-
tance no. 1
Time 2 F9.4 10-18 Continue for each indi- sec
vidual time interval
being evaluated (up to
NTIMES)
Time 3 F9.4 19-27 sec
Time 4 F9.4 28-36 sec
Time 5 F9.4 37-45 sec
Time 6 F9.4 46-54 sec
Time 7 F9.4 55-63 sec
Time 8 F9.4 64-72 sec
Time 9 F8.4 73-80 sec

€cards 18 through 26 are required for each individual motor.




TABLE HI. - INPUT FORMAT FOR THE GENERAL SOLID PROPELLANT

ROCKET MOTOR PERFORMANCE COMPUTER PROGRAM - Continued

Card Variable
number name Format Columms Description
(g) (h)
23 INTP1 F9.4 1-9 Measured chamber pres-
sure integral during
Time interval 1
INTP2 ¥9.4 10-18 Continue for each indi-
vidual time interval
being evaluated (up to
NTIMES)
INTP3 F9.4 19-27
INTP4 F9.4 28-36
INTP5 ¥9.4 37-45
INTP6 F9.4 46-54
INTP7 F9.4 55-63
INTP8 ¥9.4 64-72
INTPY F8.4 73-80
24 P1 F9.4 1-9 Measured average cham-~
ber pressure during
Time interval 1
P2 F9.4 10-18 Continue for each indi-
vidual time interval
being evaluated (up to
NTIMES)

SCards 18 through 26 are required for each individual motor.

Units

psia-
sec

psia-
sec

psia-
sec

psia-
sec

psia-
sec

psia-
sec

psia-
sec

psia-
sec

psia-

sec

psia

psia

hAverage or integral data (but not both) are required for a particular time interval;
however, cards 23, 24, 25, and 26 are required because average and integral data may be
intermingled with the various time intervals.
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TABLE II. - INPUT FORMAT FOR THE GENERAL SOLID PROPELLANT

ROCKET MOTOR PERFORMANCE COMPUTER PROGRAM - Continued

[ - ]

Card Variable
number name Format Columns Description Units
(e) ) '
24 P3 F9.4 19-27 Continue for each indi- psia
vidual time interval
being evaluated (up to
NTIMES)
P4 ¥9.4 28-36 psia
P5 ¥9. 4 37-45 psia
P6 F9.4 46-54 psia
7 F9.4 55-63 psia
P8 F9.4 64-72 psia
P9 F8.4 73-80 psia
25 INTF1 F9.4 1-9 Measured impulse during 1bf -
Time interval 1 sec
INTF2 F9.4 10-18 Continue for each indivi- 1bf -
dual time interval being sec
evaluated (up to NTIMES)
INTF3 F9.4 19-27 1bf -
sec
INTF4 F9.4 28-36 1bf -
sec
INTF5 F9.4 37-45 1bf -
sec
INTF6 F9.4 46-54 1bf -
sec
INTF17 F9.4 55-63 1bf -
sec

Ecards 18 through 26 are required for each individual motor.

hAvera.ge or integral data (but not both) are required for a particular time interval;
however, cards 23, 24, 25, and 26 are required because average and integral data may be
intermingled with the various time intervals.
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TABLE III. - INPUT FORMAT FOR THE GENERAL SOLID PROPELLANT

ROCKET MOTOR PERFORMANCE COMPUTER PROGRAM - Concluded

Card Variable
number name Format

() (h)

25 INTF8 F9.4
INTF9 F8.4

26 F1l F9.4
F2 F9.4
F3 F9.4
F4 F9.4
F5 F9.4
6 F9.4
F17 F9.4
F8 F9.4
F9 F8.4

Columns

64-72

73-80
1-9

10-18

19-27
28-36
37-45
46-54
55-63
64-172

73-80

Description

Continue for each indi-
vidual time interval
being evaluated (up to
NTIMES)

Measured average thrust
during Time interval 1

Continue for each indi-
vidual time interval
being evaluated (up to
(NTIMES)

€Cards 18 through 26 are required for each individual motor.

Units

1bf -
sec

Ibf -
sec

1bf

1bf

Ibf
1bf
Ibf
1bf
1bf
Ibf

Ibf

hAverage or integral data (but not both) are required for a particular time interval;
however, cards 23, 24, 25, and 26 are required because average and integral data may be

intermingled with the various time intervals.
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PROPELLANT ROCKET MOTOR PERFORMANCE COMPUTER PROGRAM

TABLE IV, - TYPICAL NONTRANSFORMED DATA OUTPUT FORMAT FOR THE GENERAL SOLID

IMPULSE PA = -.000
MOTOR NO. IT1 IT2 IT3 1T4 ITS IT6 IT7 IT8 IT9
TEMP_GROUP_1 _ _ L i} .
374 .00 .00 479,00 1510.07 1755,88 1781.61 271.41 .00 .00
70 .00 .00 730.06 1515.86 1728,77 1752.70 236,41 .00 .00
Bu4A .00 +00 630,96 1498,65 1757,28 1780402 28095 _a00.. _ .. 00
45A .00 .00 ki, 38 1535,37 1772.00 1795,93 260417 .00 .00
434 .00 .00 549.86 __ 155,38 1771.66 1798.37 __ 272.60 .00 .00,
744 .00 .00 588,55 1556,49 1768 ,54 1794,93 238410 .00 .00
MEAN .00 .00 603,80 1523.64 1759.02 1783,93 269.89 .00 .00
__STAND. DEV. . .00 L00 95,79 20,46 16,81 _ _17.15 _ __ _1B8.75 .00 .00
__TEMP GROWP 2 [ e ) )
17 200 «00 595244 1496.92 1754,2% 1779,.,85 282.59 200 « 00
504 .00 .00 780,61 1532,28 1771.82 1797.06 264,50 .00 .00
. 38A__ .00 .00 742,15 1470.46 _ _1723.10  1751.85 281,05 _ .00 . .00
594 ,00 .00 708.81 1544 ,61 1765,84 1787.62 2u2.64 .00 .00
" MEAN - ,00 .00 696.00  1511.07  1753.75  1779.09  267.69 +00 «00
SIAND, DEV. 200 200 100.11 33,78 21.70 19,48 18,00 200 00
__TEMP_GROUP. 3 _ . . . AU L
_ 69 .00 200, 8u8.42 1485,66 _ . ._1755,91 1778.68 292468 .00 .00
64 .00 .00 620.51 1537.45 1797.06 1820.64 282.93 .00 .00
584 .00 .00 860.31 1508.21 1801.22 1823.41 314,78 a00. 400
65A .00 .00 705.46 1521,27 1795,95 1811499 290.27 .00 .00
L 4OA .00 $00 _ . _ .92460.  1505.43 _  1774.35_ _  1800,10 . __ 294,36 .00 .00
78 .00 .00 682,98 1513.31 1747,85 1772.93 259.1¢ .00 .00
60A .00 .00 796.89 1503.47  _ 1768,28 179446 290,66 00 .00
MEAN .00 .00 729.60 1510.68 1777.23 1800,32 289,26 S00 . - «00_
STAND, DEV. .00 .00 .00

«00 107.36 16,06 21,31 19.73 16.52
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TABLE V.- TYPICAL TRANSFORMED DATA OUTPUT FORMAT FOR THE GENERAL

SOLID PROPELLANT ROCKET MOTOR PERFORMANCE COMPUTER PROGRAM

[Transformed impulse]

TIME NO. S

N - , PA = =.00
TEMP1 TEMP2 TEMP3 TEMPY

MOTOR NO B o

TEMP_GROUP. 1 _ o - S,
_ 37A , 1717.24 1808,10 1997.85. .00

70 1598,79 1683,38 1860, 04 .00

44n . 1687.36 . 1776.63 . 1963.08 _ .00

454 1708.40 1798,20 1986.00 .00
WA . 1891,79 1780.72 1966.69 .00

74A 1690, 42 1779.28 1965.10 .00

MEAN o | 1682,33 1771.05 1956.46 .00
STANDARD DEVs. . _ . 42,56 _ 44,69 _ 49.20 .00
_TEMP GRQUP. 2 . o
77 1617.59  1704.09 _  1884.33 .00

S0A 1725,21 1816,26 2006.52 .00
_3BA_. . . 1660.79 1748.16 . .1930.84 _ .00

59A 1707.16 1796,08 1982.41 .00
‘MEAN T T 1677.69 1766415  1951.03 .00
STANDARD DEV. N 48,39 50.28 54,53 .00
TEMP GRQUP. 3 . o )

89 . 1636,31 _ _1723,54% __ 100S.41 .00
64A 1672, 84 1762,01 1947,.95 .00
5BA . o _1746.90 1840,02 2034.19 _ .00
65A 1676.67 1765.46 1950.87 .00
4OA , . 1681.40 1769,57 1954406 .00
78 1633,62 1718,44 1896.29 .00

_60A. .. o 1678.60 ____ 1765.76 1948.50 400

MEAN 1675.19 1763.54%  _ 1948.18 <00

STANDARD DEVe 37.51 39,86 44 .65 .00
"TOTAL MEAN S ©1678.30 '1766,81  1951.77 .00
_TOTAL _STANDARD DEV. . __ _ _ 39,28 41,30 . 45.56 .00
CONFIDENCE ON NORMAL DISTRIBUTION )

(ONE  MIN 1537.47 1618,76 1788, 44 .00
_SIDED MAX. , ] 1819,13 1914,86 2115.11 .00
ATWO__ MIN _ . .. 1522,94 1603,48  1771.58_ __  ___,00
SIDED MAX 1833,66 1930, 14 2131.97 .00



TABLE VI- INPUT FORMAT FOR THE SOLID PROPELLANT ROCKET MOTOR

Card
number

()
1

1A

PERFORMANCE VERSUS TIME COMPUTER PROGRAM

Variable
name

NXNW

NXNT

™D

PHI

CcT2

NSW

PSIA

PCTW1

Nw1

PCTW2

Format

16

16

Fl12.4

F12.4

F12.4

I6

F10.0

F10.4

16

F10.4

Columns

1-6

7-12

13-24

25-36

37-48

49-54

17-26

Description

Units

Integer designating the number of
subintervals into which web time
is divided (up to 5)

Integer designating the number of
subintervals into which tail-off
time is divided (up to 4)

Prefire propellant temperature to
which the performance data are
to be transformed

Nozzle cant angle (from the longi-
tudinal center line of the motor)

Tolerance factor (one- or two-
sided)

Integer designating the method by
which TO is to be determined
(0 if TO is inputed, 1 if TO is to
be determined by the program as
a function of chamber pressure)

rad

Value of chamber pressure at
which TO is determined (card
not included if NSW = 0)

psia

Upper limit of first web-time
subinterval

Integer designating the number of
equally divided percent-web-times
in the first subinterval that time,
chamber pressure, and thrust
transformations are to be per-
formed

Continue for each subinterval
up to NXNW (last subinterval
must equal 100 percent web
time)

4

percent

percent

3Cards 1 through 10 apply for all motors and are read in only once; however, cards

11 through 13 +

b

2

are required for each motor and must be entered in sequence.

Card 1A can be omitted if TO is an input value (NSW = 0).

%9
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TABLE VI - INPUT FORMAT FOR THE SOLID PROPELLANT ROCKET MOTOR

Card
number

(a)

Variable
name

NW2

PCTW3
NW3
PCTW4
NwW4
PCTW5

NW5

NT1

PCTT2

NT2
PCTT3

NT3

PCTT1

Format

16

F10.4
16
F10. 4
16
F10. 4
16

F10. 4

16

F10.4

16
F10.4

16

Columns

27-32

33-42
43-48
49-58
59-64
65-74

75-80

PERFORMANCE VERSUS TIME COMPUTER PROGRAM - Continued

Description

Continue for each subinterval
up to NXNW (last subinterval
must equal 100 percent web
time)

1-10

11-16

17-26

27-32
33-42

43-48

Upper limit of first tail-off time
subinterval

Integer designating the number of
equally divided percent tail-off
times in the first subinterval
that time, chamber pressure, and
thrust transformations are to be
performed

Continue for each subinterval
up to NXNT (last subinterval
must equal 100 percent tail-off
time)

Units

percent

percent

percent

percent

percent

percent

4Cards 1 through 10 apply for all motors and are read in only once; however, cards 11

through 13 +

NPTS
2

> are required for each motor and must be entered in sequence.



TABLE VI - INPUT FORMAT FOR THE SOLID PROPELLANT ROCKET MOTOR

Card
number

(a)
3

PERFORMANCE VERSUS TIME COMPUTER PROGRAM - Continued

Variable
name

PCTT4

NT4

NA

c
TGRP1

c
TGRP2

(4
TGRP3
NP
EXPAl
EXPA2
EXPA3
HEADX

HEAD1

Format Columns Description Units
F10. 4 49-58 Continue for each subinterval up percent
to NXNT (last subinterval must
equal 100 percent tail-off time)
16 59-64 -
112 1-12 Integer designating the number -
of prefire propellant tempera-
tures about which the motors are
grouped (up to 3)
F12.4 13-24 First prefire propellant tempera- °F
ture about which the motors are
grouped (prefire propellant tem-
perature group no. 1)
F12.4 25-36 Continue for each prefire propel- °F
lant temperature about which the
motors are grouped (up to 3)
Fl2.4 37-48 °F
112 1-12 Integer designating the number of -
pressure altitudes at which thrust
is to be reported (up to 3)
Fl12.4 13-24 The first pressure altitude at psia
which thrust is to be reported
F12.4 25-36 Continue for each pressure alti- psia
tude at which thrust is to be
reported (up to 3)
F12.4 37-48 psia
12A6 1-72 Heading for the abscissa of all sec
graphs (time axis)
12A6 1-72 Ordinate heading on plot of cham- psia

ber pressure versus time

8Cards 1 through 10 apply for all motors and are read in only once; however, cards 11

through 13 +

NPTS
2

are required for each motor and must be entered in sequence.

®The value of TGRP(3) must be greater than TGRP(2), and TGRP(2) must be

greater than TGRP(l).




TABLE VI. - INPUT FORMAT FOR THE SOLID PROPELLANT ROCKET MOTOR

PERFORMANCE VERSUS TIME COMPUTER, PROGRAM - Continued

Card Variable . )
number name Format Columns Description Units
(a),(d) B
8 HEAD2 12A6 1-72 Ordinate heading on plot of thrust 1bf

at pressure altitude no. 1
(EXPA 1) versus time

9 HEAD3 1246 | 1-72 Ordinate heading on plot of thrust Tof
at pressure altitude no. 2
(EXPA 2) versus time

10 HEAD4 12A6 1-72 Ordinate heading on plot of thrust 1bf
at pressure altitude no. 3
(EXPA 3) versus time

11 XMOT A6 1-6 Motor number -
FIRETP F12.4 7-18 Prefire propellant temperature °F
PAX F12.4 19-30 Ambient pressure at the time of psia

motor firing

TB F12.4 31-42 Burn-time for the motor sec
TT F12.4 43-54 Total time for the motor sec
TO Fi12.4 55-66 Time offset (time that is zero sec

percent web time)

PCP F12.4 67-78 Prefire chamber pressure (used psia
to convert input chamber pres-
sures from psig to psia)

NDMOT I1 80 Integer designating that the last -
motor to be processed has been
reached (1 for last motor, 0 for
all other motors)

12 AE1 El12.5 1-12 Exit area of nozzle no. 1 in. 2
2

AE2 E12.5 13-24 Continue for each nozzle (up to 4) in.

4Cards 1 through 10 apply for all motors and are read in only once; however, cards 11

through 13 + §_1;_T§ are required for each motor and must be entered in sequence.

fewer than three ambient pressures are used, cards 9 and 10 must be present, even
as blank cards.

L2




TABLE VI. - INPUT FORMAT FOR THE SOLID PROPELLANT ROCKET MOTOR

PERFORMANCE VERSUS TIME COMPUTER PROGRAM - Concluded

Card .
number Variable Format Columns Description Units
@) name
12 | AE3 k12,5 25-36 Continue for each nozzle (up to 4) | in.>
AE4 Ei2.5 37-48 in, 2
13 NPTS 16 1-6 Integer designating number of -
points to be read in to define
motor performance versus time
(up to 200)
ICON 16 7-12 Integer designating the number of -
input points in piecewise curve
fit (6 is a good choice)
IPRNT 16 13-18 Integer designating that the curve -
fit coefficients are to be printed
out (0 for no coefficients, 1 for
all coefficients)
14 TREP1 E16.8 1-16 First time input in the perform- sec
ance input array
PC1 E12.5 17-28 Chamber pressure that corre- psig
sponds to the time input in the
performance input array
F1 E12.5 29-40 Thrust that corresponds to time 1bf
input in the performance input
array
TREP2 E16.5 41-56 Continue for each chamber pres- sec
sure and thrust at the proper
time (up to NPTS) at 2 times,
pressures and thrusts inputs per
card
PC2 E12.5 57-68 psig
] F2 E12.5 69-80 Ibf
4Cards 1 through 10 apply for all motors and are read in only once; however, cards 11
through 13 + NI;TS are required for each motor and must be entered in sequence.

L3



TABLE VIL. - TRANSFORMED TIME AND CHAMBER-PRESSURE STATISTICAL
DATA OUTPUT FORMAT FOR THE SOLID PROPELLANT ROCKET

MOTOR PERFORMANCE VERSUS TIME COMPUTER PROGRAM

TRANSFORMED TIMES TRANSFORMED CHAMBER PRESSURE
—PCT. MEANS «ITH TWO SIDED TOLERANCE LIMITS -
WEB MEAN HMIN. MAX o MEAN MIN. MAX.
—TINME —
« 00 0000 -+0000 «0000 100.0727 96.2117 103.9337
~.a81 «0050 «0045. » 0054 186.2759 47.4130 325.1388
1.61 0099 0091 .0108 288.4526 76.4223 500.4828
242 «0149 «0136 0162 400.0431 154,3467 64547395
3.23 «0199 0182 0215 514.5706 243.7581 7853831
4403 <0248 0227 .. <0269 . 62440311 338,.0396... 910.0225
4.84 « 0298 « 0273 « 0323 731.4412 443.1322 1019.7502
5.65 20348 .0318 «0377 . 834,9045 .. 5S4BR.8521  1120.9568. ___
6.45 « 0397 « 0364 «0431 928.8627 649,3971 1208.3282
726 0447 0409 . 0485 1011.5578 755.08u49 1288.0307
8.06 « 0497 « 0455 .0538 1084.9299 807.9524 1361.9073
_8.87 «0546 0500 0592 1150.4757 871.0561 1429.8953
9.68 «0596 - 0545 <0646 1208.8554 926.5884 1491.1225
10.48. « 0645 0591 «0700. . 1261.3881 Q7446762 1548.0998
11.29 « 0695 0636 <0754 1308.2346 1017.1144 1599.3549
12.10 <0745 . 0682 0808 1350.0u422 1056.0642 1644.0203
12.90 0794 0727 0862 1387.5762 1091.8444 1683.3080
13.71 - 0844 «0773 <0915 1421.3233 1125.6662 1716-.9805
14,52 «0894 .0818 <0969 1451.6023 1157.9969 1745.2076
15,32 ~0943 - 0864 1023 1478.7972 . . 1188.1652 . 1769.4201 -
16.13 « 0993 .0909 1077 1503.5798 1216.8781 1790.2816
16.94 «1043 «0955 «1131 152645542 1244,7761 1808.3324
17.74 +1092 1000 .1185 1546.9323 1270.6313 1823.2334
18455 1142 «1045 1238 1564.9614 1294.,1378 1835.7851
19.35: 1192 <1091 .1292 1581.5182 1315.8552 1847.1812
20+16 1241 «1136 1346 1596.2879._ ... 1335.8879___1856.6880 ___
2097 «1291 1182 -1400 1609.3506 1354.5360 1864,1652
21.77 1341 «1227 21454 1620.4328 1371.0981 1869.7676  ___
22.58 «1390 «1273 «1508 1630.3001 1386.5419 1874.0583
23239 1440 1316 «1562 1639.5942 1401.9310 1877.2574
24.19 1490 «1364 «1615 1647.5151 1414.6645 1880.3656
25.00 «1539 <1409 1669 165446235 . 1426.0915. . 1883.1555 ____
25.81 «1589 « 1455 1723 1661.2788 1437.3437 1885.,2139
26«61 1638 1500 «1777 1666.9022 1447,2263 1886.5780
2742 1688 «1545 «1831 1672.2225 1456.2725 1888.1725
2823 1738 1591 1885 1676.4756 1464.7989 1888.1524 _
29.03 «1787 »1636 «1938 1680.2541 1471.3614 1889.1469
29.84 «1837 1682 1992 1683.6993 _ 1476.9883 . 1890.4102 _
30.65 «1887 « 1727 <2046 1686.7656 1482.4679 1891.0632
31.45 «1936 1773 «2100 1689.6254 1485.9445 1893.3062
32.26 «1986 .1818 2154 1691.9939 1489.3389 1894.6489
33.06 «2036 1864 2208 1694.2330 -1492.0268 1896,4392
33.87 «2085 .1909 2261 1696.0794 1493.4425 1898.7162
34,68 2135 «1955 2315 1697.3031  1495,5069 .. .1899.0993 . __
35.48 «2185 «2000 2369 1698.3392 1497,.4662 1899.2123
36.29 «2234 2045 2423 1698.8275 1498.6623 1898.9928
37.10 «2234 2091 .2u77 1699.3327 1499,.,6715 1898.9940
37.90 2334 2136 2531 1699.4336 1500.4301 1898.,4371
38.71 2383 2182 »2585 1699.4032 1501.1038 1897.7027
39.52 2433 2227 <2638 1699.6042 1501.0358 __1898.,1726_
40.32 2483 «2273 «2692 1699.4354 1500.4852 1898.3857
41.13 «2532 «2318 2746 1698.9325 1498.8431 1899.0219
41.94 2582 <2364 2800 1698.1861 1497.3153 1899.0568

42.74 «2631 «2409 « 2854 1697.0608 1495.,6663.  1898.4554



TABLE VIL. - TRANSFORMED TIME AND CHAMBER-PRESSURE STATISTICAL

DATA OUTPUT FORMAT FOR THE SOLID PROPELLANT ROCKET MOTOR

43.55
44435
45416
45497
46477
K758
48459
49419
50.00
SueB1
51.61
Sze42
53.23
S4.63
Sl e 84
55.65
56445
57.26
S8.06
58.87
59.68
50448
61.29
62.10
62,90
0d.71
64 .52
65,32
66413
56694
67.74
68.+25
69,35
70.16
Ti.97
71.77
72458
73449
74419
7500
75.81
76.61
77.42
78!23
79.03
79.84
80.65
81.45
82.26
83.06
83.87
84.68
85.48
86429
87.10
87.90
88.71
89,52

PERFORMANCE VERSUS TIME COMPUTER PROGRAM - Continued

«2681
2731
2780
«2830
«2880
02929
2979
«3029
«3078
«3128
«3178
3227
3277
«3327
«3376
« 3426
<3476
« 3925
3575
« 3624
« 3074
« 3724
« 3773
«3823
« 3373
« 3922
«3972
4022
4uU71
«4121
«4171
4220
4270
4320
<4369
4419
446G
4518
4568
4517
Hob7
4717
4766
4316
+4866
+4915
4965
+5015
«5064
«5114
5164
«5213
«5263
«5313
«5362
eS412
«5462
5511

2455
«2500
« 2545
«2591
« 2636
«2bB2
2727
« 2773
«2818
<2864
« 2909
«2955
« 2000
« 3045
«3091
« 3136
« 3182
« 3227
« 3273
3318
« 3364
« 34909
« 3455
«3500
« 3545
<3591
« 3636
« 3682
3727
e 3773
«3818
+« 3864
« 3809
« 3955
+4000
4046
4091
4136
4182
4227
4273
4318
«4364
4409
4455
4500
<4546

4591

4636
4682
4727
773
4818
4864
<4909
<4955
5000
«5046

2908
2961
«3015
«3069
«3123
« 3177
«3231
3285
«3338
«3392
« 3446
«3500
« 3554
+3608
« 3661
« 3715
«3769
«3323
3877
« 3931
«3985
«4038
4092
<4146
<4200
«4254
<4308
JU4361
G415
4469
4523
4577
4031
L4885
«4738
4792
+48406
«4900
<4954
5008
«5061
«5169
«5223
5277
«5331
«5384

#5438 ..

« 5492
«55u6
«5600
« 5654
«5708
«5761
«5815
«5869
«5923
«5977

1695.5937
1694.0745
1692.4855
1690.9648
1689.2429
1687.9059
1686.0139
1683.7669
1681.6899
1679.0422
16763945
1673.4878
1670.3387
1667.2517
1663.6708
1659.7595
1655.1865
1650.3546
1645.4045
1639.4879
1633.2585
1626.4598
1619.3300
l612.2121
1604.6806
1596.7055
1568.9195
1581.3076
1573.1360
1564.8889
1556.3409
1547.9214
1538.9636
1529.6991
1520.4931
1511.7381
1503.2595
14944600
1485.9684
1477.3739
1467.8084
1457.9984
1447.9451

1438.8756
1430.2524
1421.2985
1411.9651

1402.8683
1393.4044
1384.1218
1374.9182
1365.6267
1356.5140
1347.2283
1337.7622
1328.4356
1318.8686
130849783

1493.6824 1897.5050
1491.7364 1896.4126
1489.7363 1895.2347
1487.6661 1894.2635
1486.1593 1892.3265
- 1484.8948 1890.9170.
1482.4461 1889.5818
1480.0048 1887.5290
1477.6165 1885.7634
1474.1835 1883.9009
1470.2831 1882.50%9
1466.3678 1880.6078
1463.3387 1877.3388
1460.9975 1873.5059
1457.1346 1870.2070
1453.2724 1866.2467-
1449.5914 1860.,7816
1444.5683 1856.1410
1439.3457 1851.4635
1433.0053 1845.9706
1426.7380 1839.7791
1420.3194 1832.6002
1412.7360 1825.9241
1405.1977 1819.2267
1399.5986 1809.7626
1392.7685 1800.6425
1386.0671 1791.7719
1377.7398 1784,8755%
, 1369.0930 1777.1790
1361.5914. 1768.1865-
1351.5890 1761.0929
1344.,4722 1751.3708
1336.8781 1741.0492
1328.6521 1730.7462
1320.7040 1720.2822
1313.5326 1709.9436
1306.7792 1699.7398
1299.1186 1689.8014
1292.4371 1679.4997
1285.7598 1668.9881
1277.2995 1658.3173
1268.0385. . 1647.9583
1258.8627 1637.0274
1252.0673 1625.6840
1245.2208 1615.2841
1237.7059 160448912
1229.8191 1594.1112
. .1222.0734 __ 1583.6631
1213.5523 1573.2565
1205.4579 _1562.7856
1197.3819 1552.4545
1189.2108 1542,0426
1181.2270 1531.8011
_..117

1163.4899 1512.0345
1154.5029 1502.3684
1145.1311 1492.6062
1136.0403 1481.9163

45
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TABLE VIL. - TRANSFORMED TIME AND CHAMBER-PRESSURE STATISTICAL

DATA OUTPUT FORMAT FOR THE SOLID PROPELLANT ROCKET MOTOR

90.32
- 91.13
91.94
—92.74
93.55
.~ 94,35
95.16
95.97
96.77
97.58
98.39
99.19
100.00
PCT.
TAILOFF
TIME
1.33
2467
4.00
__ 5.33
6.67
— B.00
933
10.67
12.00
S 13.33
14.67
. le.na
17.33
18.67
20.00
21.33
22.67
-.24.00
25433
26.67
28.00
29.33
30.67
32.00
33.33
34467
36.00
3733
38.67
. 40,00
41433
42,67
44,00
45,33
46.67
48.00
49.33
50.67
52.00
53.33
S54.67
56.00

PERFORMANCE VERSUS TIME COMPUTER PROGRAM - Continued

+5561
«5610
<5660
«5710
5759
. 25809
5859
«5908
+5958
«6008
#6057
«6107
«6157

6206
6254
«6303
«6352
<6401
«6450
6499
«6548
«6597
+»6646
«6694
<6743
«6792
«6841
«6890
«6939
«6988
7037
« 7086
7134
7183
7232
7281
«7330
7379
<7428
7477
« 7526
« 7575
7623
« 7672
«7721
<7770
.7819
«7868
7917
« 7966
«8015
«8063
«81l2
«8161
«8210

«5091
»51i36
.5182
5227
«5273
#5318
«5364
«5S409
<5455
«5500
«5546
«5591
5636

5686
+5736
«5785
«5835
5883
+5932
5980
6029
«6077
«6124
«6171
«6219
«6265
6312
6359
«6405
6451
<6496
6542
6587
6632
« 6677
6721
«6766
6810
«6854
.6838
«6942
6985
7028
#7071
« 7114
. 7157
«7200
7242
«7285
7327
« 7369
<7411
<7453
« 7494
« 7536

L6031

«6084
«6138
«6192
«6246
6300
«6354
+6408
<6461
6515
«6569
Le6623
« 6677

«6725
«6773
«6321
«6870
«6919
+6968
« 7017
+ 7067
«7117
7167
«7217
. 7268
«7319
«7370
JTU22
«T7473
.7525%
. 7577
« 7029
«7582
« 7735
.7788
« 7841
« 7894
« 7948
«8002
.8056
«8110
83164
«8219
«3273
«8328
<8383
.8438
<8404
»3549
<3605
« 8660
3716
<8772
.83828
8884

1299.0389
1288.9000
1278.3531
1267.3961
1256.3310
_12845.2392
123441475
1223.1327
1212.0997
1200.4740
1185.8283
1168.4571
1145.7223

1118.7697
1086.7690
1050.3857
1011.7241
971.5473
931.6782
892.,6076
855.,3248
819.4540
785.5828
753.2597
722.6703
693.6676
666.1639
640.3914
615.8021
592.5075
570.0886
548.8185
52845498
509.2877
491.,0974
473.4347
456.6112
440.9169
425.7773
411.5136
398.0980
384.9482
372.6211
360.9189
349,.,3216
338.4454
327.8011
317.3519
307.4221
297.9488
288.7212
279.9151
271.7372
263.,6080
255.9788

1126.5444
1116.8996
1106.6177
1095.2660
1084.2116
1072.4862.
1060.2894
1048.0887
1035.5067
1021.8971
1003.6930
981.6796. .
952.4611

924.0121
892.7339.
856.7386
821.6552
786.4144
752.8625
721.8643
. £93.0366 -
665.4108
639.5456
615.1995
592.2510
570.4025

549.3537._..
529.4356
510.9543
493.9920
- 477.3924
46l.4724
446.1409
431.4305
417.5962
403.6292
390.2160
377.3766
36543657
354,3595
343,7363
33343091
3233540
314.0585
_ 30445711 .
295.3758
286.6873
278.4996
269.9771
261.7621
254.,5062
247.4768
24049243
234.36u4
228.0174

1471.5334
1460.9004
1450.,0885
1439.5262
1428.,4503
1417.9923
1408.0054
1398.1768
1388.6929
1379.0508
1367.9636
-1355.2347 .
1338.9837

1313.5273
. 1280.8042
1244,0328
1201.7930
1156.6802
1110.4938
1063.3509
1017.6131
973.4971
931.6200
891.3198
853.0896
816.9326
782.9741.
751.3472
720.6499
691.0230
662.7849
63641645
610.9587.
587.1449
564.5985
543.2402
523.0063
504.4572
.- 486.1889
468.6677
452.4596
43645872
421.8882
407.7792
—-39%4,. 0722
381.5149
368,.,9149
356.2041
344,8672
334,1354
32249362
312.3534
30245501
292.8517
283.9402



TABLE VII. - TRANSFORMED TIME AND CHAMBER-PRESSURE STATISTICAL

DATA OUTPUT FORMAT FOR THE SOLID PROPELLANT ROCKET MOTOR

57.33
58.67
60.00
61433
62.67
64.u0
65.33
66067
68.00
69,433
70.67
72.00
73.33
74.67
76400
77.33
T8.67
80.00
8l.33
82.67
84,00
85.33
86.67
88.00
89.33
90.67
92.00
93,33
94 .67
Y0400
97.33
98.67
100.00

PERFORMANCE VERSUS TIME COMPUTER PROGRAM - Concluded

«8259
8308
«8357
+ 8406
8455
+8503
«8552
«8601
« 8650
.8699
.8748
«8797
«8846
«8895
8944
«8392
» 9041
«9090
9139
«9188
8237
e 9286
+ 93535
«9384
«9432
«3481
«9530
«9579
« 9628
«9677
«9726
«9775
e 9824

« 7577
« 7619
« 7660
<7701
7742
« 7783
. 7824
- 7865
« 7905
« 7946
« 7986
8027
«8067
<8107
«8147
«3187
8227
« 8267
«8307
«B347
«8387
« 3427
«EL4B6
«£506
« 8545
+8585
6624
+E66YU
«8703
8742
8782
« 5821
8860

<8941
«8997
« 9054
«9110
« 9224
«9281
«9338
+ 9395
«9U52
«9510
« 9567
« 9625
«9797
« 3855
«9913
. 9971
L.0029
1.0087
1.0145
1.0203
l.0261
L.0320
l.0378
1.0436
1.0485
1.0553
L.0b11
1.0670
1.0728
1.0787

248.3934
241.0648
234.3061
227.6651
221.2060
214.8457
208.5310
202.1990
196.4787
191.1092
185.6251
180.2799
175.4276
170.6171
165.6604
160.6167
156.2894
152.1756
147.9813
144,0087
139.9193
136.0162
132.1325
128.4227
124.8258
121.6686
118.5244
115. 4463
112.2210
108.9699
106.0028
103.1398
100.3185

221.6398

215.5795
209.6224
203.7331
198.5070
193.2729
187.7487
182.8354
178.2372
173.6381
169.1642
1647641
160.8767
156.4750
152.0464
147.5117
143.6445

139.9957.

136.9321
133.8443
130.7487
128.7390
125.1921
121.7876
118,3964
115.0492
111.5678
108.,7479
106.0667
103.3730
100.9064

98.1133

95.4782

 275.1469

266.5502
258.9898
251.5970-
243.9050
236.4185
229.3132
221.5626
214.7202
208.5804
202.0860
195.7957.
189,9785
184.7591-
179.2745
173.,7218
168.9342
164.3556
159.0305
154.1731.
149.0900
143.,2933
139.0730
135.0579
131.2551
128.2881.
125.4810
122.1447
118.3753
114.5669
111.0992
108.1662
105.1589

k7
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TABLE VIII. - TRANSFORMED TIME-AND-THRUST STATISTICAL DATA OUTPUT

FORMAT FOR THE SOLID PROPELLANT ROCKET MOTOR PERFORMANCE

PCT.
WEB
TIME
«00
181
l.61
242
3.23
4403
4,84
5.65
6445

726

B840

-8.87 .

968
10.48
11.29

12.90
13.71
14,52
15.32
16413
16.94
17.74

18455 .

19.35
20446
20497
21.77
22458
23.39
24419
25.00
25.81
2742
28.23
29.03
29.84
30465
31,45
32426
33.06
33.87
34.68
35.48
36429
37.10

37490.

38.71
39.52
4032
41.13
41.94
42,74

TRANSFORMED TIMES

MEAN

«0000
+ 0050
+0099
«0149
0199
«0248
«0298
«0348
«0397
20447
0497
+ 0546
«0596
0645
» 0695

«0745 .

20794
« 0344
« 0894
+0943
« 0993
«1043
«1092
1142
«1192
1241
«1291
01341
«1390
1440
«1490
01539
«1589

21638 .

1688
«1738
01787
01837
1887
«1936
«1986
2036
«2085
+2135
«2185

. 2234

2284
«2334
22383
2433
2483
2532
«2582
2631

VERSUS TIME COMPUTER PROGRAM

MIN,

-.0000
0045
« 0091
« 0136
s0182
0227
0273
20318
« 0364
<0409

#0455

0500
<0545
+0591
<0630
0682
0727
0773
«0818
« 0864
«0909
«0955
«1000
1045
«1091
«1136
«1182
1227
«1273
.1318
«1304
1409
« 1455
«1500
«1545
« 1636
1682
1727
1773
.1818
<1864
«1909
«1955
«2000
<2045
«2091
2136
2182
2227
«2273
2318
«2364
«2409

MAX .

«3000
0024
«0108
0le2
«0215
U269
<0323
0377
. 0431
<0485
U538
0592
<0646
«0700
<0754
<0808
.0862
+0915
0969
<1023
1077
21131
«1185
+1238
1292
1400
» 1454
1508
1062
«1615
1669
1723

1777

+1831
«1885
1938
01992
2045
«2100
«2154
«2208
2261

22319

.2369
2423
2477
.2531
.2585
+2638
.2692
2746
.2800
.2854

TRANSFORMED THRUST AT PA =
MEANS WITH TWO SIDED TOLERANCE LIMITS

MEAN

29.9100
1286946
281.9090
471.5607
694.4515
924,5868

1137.4147
1333.2352
1509.5691
1663.7580
1801.8282
1920.1355
2020.9526
2111.9834
2194.1727
2267.3524
2332.6759
2391.3051
2445.1623
2495.1170
2539.3426
2577.5675
2613.2377
2645.6056
2673.7763
2699.,8305
2722.2712
2740.8897
2758.4704
2774.7448
2788.7643
28005063
2811.7792
2821.9678
2830.4479
2837.2719
2842.8841

2849.0198 .

2854.2417
2858.9887
2863.4712
2866.8565
2869.7965
287145731
2873.1184
2873.8475
2874.6448
2875.0168
2874.4876
2874.7769
2874.8362
2874.4308
2873.1526
2871.0146

MIN.

=85.4260
-81.6653
1.7245
14044345
321.5112
547.2773
T732.9413
8966773
1058.4309
1204.7103
1336.0550

1451.17e8.

1542.3207
1620.703Q
1700.4281
1766.0181
1817.9741
1873.9083
1932.68522
1983.4714
2032.2972
2078.8729
2122.4005
2165.5149
2205.3074

2236.7407.

2265.7028
2299.9138
232846655
2352.4293
2373.2424
2394.6269
2415.0017
2429.0447
2444,2039
2456.9333
2466.1893

2475.7554 .

245645305
2494,0985
2497.6341
2503.7991
2512.1626

. .2518+4520. _

2522.2716
2524.1828
2525.6334
252644722
2524.0527

. 2524.4575

2524.5221
252641292
2526.2619
252540269

MAX.

145.2459

. 339.0546

56240935
8026369
10673919
1301.8962
1541.,8882
1769,7933
1960.7075
2122.8056
2267.6016
2389.0942
2499,5845
2603.2638
2687.9172
2768.6867
2847.3777
2908.7020
2958.2724
3006.7626
3046,33880
30762620
3104.,0750
3125,6963
3142,2453
3162.9203
317R.8398
3181.8657
3188,2754
3197.0602
3204.2862
32063857
3208.5566
3214.8910
321646918
3217.6106
3219.5789
3222,2841
3221,9529
3223,8790
3229,3084
322949140
3227.4305

..3224.6942

3223.9653
3223.5122
3223.6563
3223.5613
3224.9225

3225.0962

32251503
322247324
3220.,0433
3217.0023

.00



TABLE VIOIL - TRANSFORMED TIME-~AND-THRUST STATISTICAL DATA OUTPUT

FORMAT FOR THE SOLID PROPELLANT ROCKET MOTOR PERFORMANCE

43455
44455
45,16
45.97
46477
47.58
48439
49,19
50.00
50.81
S51.61
Szeli2
93.23
S4.03
S4.84
55.65
5645
57.26
58.06
58.87
59.68
60.48
61.29
62.10
62.90
63.71
64452
65.32
66.13
66.94
67.74
68455
69.35
70.16
70.97
71.77
72.58
73.39
74.19
75.00
75.81
76461
77.42
78.23
79.03
79,84
80.65
81.45
82.26
83.06
83.87
84.68
85.48
86.29
87.10
87.90
88.71
89,52

VERSUS TIME COMPUTER PROGRAM - Continued

2681
«2731
<2780
«2830
«2880
2929
«2979
3029
«3078
«3128
3178
3227
03277
«3327
«3376
« 3426
23476
#3525
«3575
03624
« 3674
« 3724
«3773
« 3823
«3873
«3922
3972
<4022
<4071
4121
4171
4220
4270
«4320
4369
4419
«4469
«4518
4568
4617
4067
4717
4766
4816
«4366
«4915
«4965
«5015
«5064
«S114
«5164
«5213
«5263
«5313
«5362
<5412
5462
«5511

2455
«2500
«2545
«2591
« 2636
« 2682
2727
« 2773
.2818
« 2864
«2909
2955
<3000
« 3045
« 3091
«3136
<3182
« 3227
«3273
«3318
« 3364
« 3409
« 3455
«3500
« 3545
«3591
« 3636
« 3682
3727
o 3773
.3818
« 3864
«3909
« 3955
<4000
4046
«4091
4136
4182
4227
4273
4318
U364
4409
4455
14500
<4546
4591
4636
4682
4727
4773
«4818
4864
«4909
«4955
«5000
<5046

«2908
«2961
« 3015
«3069
«3123
« 3177
« 3231
« 3285
«3338
« 3392
3446
«3500
« 3554
« 3608
« 3661
« 3715
« 3769
3823
« 3877
3931
3985
«4038
+4092
4146
«4200
4254
4308
4361
JH415
4469
4523
4577
4631
<4685
«4738
4792
4846
«4900
<4954
«5008
«5061
«5115
5169
«5223
«5277
5331
+5384
«5438
«5492
«5546
«5600
«5654
«5708

15761

5815
«5869
«5923
«5977

2868.3248
2865.2769
2862.4629
2859.7900
285646862
2854.2220
2851.2232
2848.1022
2844,7198
2839.4213
2834.2778
2829.4647
2824.1272
2818.4720
2812.7021
2807.0796
2799.8079
2791.6342
2783.1130
2773.3599
2762.9403
2751.2329
2740.2078
2728.8394
2715.7695
2702.5398
2688.8404
2675.3877
266241713
26493055
2637.0740
2623.4088
2608.4831
2593.8872
2577.2821
2561.1299
254541835
2529.2288
2514.2934
2499.9293
2u83.7794
2467 .0346
245043193
243549662
2421.6738
2406.6572
2391.4948

237643506 .

2359.9619
2343.4240
2328.0088
2312.4452
2296.8338

2280.9606.

2265.0679
2249.1552
2232.3401
221543879

2523.1066 3213.5431
2520.5601 3209.9938
2517.4233 3207.5026
2513.0028 3206.5773
2510.6798 3202.6925
2508.1865 3200.2576
2504.6908 3197.7557
2502.6069 3193.5976
249843733 3191.0663
2494 43550 3184.4877
2491.1850 317743707
2487.6159 3171.3136
2462.0980 316641563
2475.7414 3161.2025
247043959 3155.0082
2464,7331 3149.4260
2456.7768 3142.8389
2444 ,7939 313844745
2433.6220 3132.6041
2425.3489 3121.3707
2413.6415 3112.2390
2399.6761 3102.7897
2391.2279 3089.1877
2382.7666 3074.9121
2372.2278 3059.3112
2357.6389 3047 o 4H407-
2343.0470 3034.6339
2330.1481 3020.6273
2319.3293 3005.0132
2310.2878- .- 2988,.3231-
2309.5849 2964 ,.,5630
2303.8965 2942.9211
2289.6410 2927,.,3251
2280.3134 2907.4610
2259.7080 2894 .8563
2240.5366.. . .2881.7232
2220.8183 2869.5489
2200.8713 2857.5862
2190.9509 2837.6359
2180.08189 2819.0397
2163.4445 2804.1142
2144.9338..  .2789.1355
2127.9415 2772.6971
2118.0287 2753.9037
2106.7662 2736.5813
2094.,8505 2718.4640
2084.5418 2698.4479
207240121  2680.6892
2058.2972 2661.6267
2046.6704 2640.1778
2034.0621 2621.9555
2020.0016 2604.8888
2006.6184 25687.0491
1981.7576 2548,.3783
1965.7215 2532.5889
1949.2994 2515.3807
1934.6026 2496,1732

k9



50

TABLE VIIL. - TRANSFORMED TIME-~AND-THRUST STATISTICAL DATA QUTPUT

FORMAT FOR THE SOLID PROPELLANT ROCKET MOTOR PERFORMANCE

90.32
91.13
91.94
92.74
93.55
94,35
95.16
95.97
96.77
97.58
98439
99.19
100.00
PCT.
TAILOFF
TIME
1.33
2.67
4.00
5433
6.67
8000
933
10.67
12.00
13.33
14.67
16.00
1733
18.67
20,00
21433
22.67
24,00
2533
26.67
28,00
29.33
30.67
32.00
33.33
34.67
36.00
37.33
38.67
40,00
41.33
42,67
44,00
45433
46.67
48,00
49.33
50'67
52.00
53433
54.67
56400

VERSUS TIME COMPUTER PROGRAM - Continued

«5561
«5610
5660
«5710
«5759
+53809
+5859
+5908
+»5958
«6008
«6057
6107
«6157

« 6206
«6254
«6303
06352
<6401
«6450
«6499
«6548
+6597
266406
«6694
6743
«6792
6841
«6890
«6939
«6988
«7037
«»7086
v 7134
«7183
«7232
7281
« 7330
« 7379
e 7428
« 7477
7526
¢ 7575
« 7623
7672
7721
«7770
«7819
+«7868
«7917
« 7966
«8015
«8063
<8112
«8161
+8210

«5091
«5136
«5182
5227
«5273
5318
5364
+5409
+5455
«5500
«5546
«5591
5636

+5686
+5736
+5785
+5835
.5883
05932
+5980
.6029
6077
6124
6171
6219
«6265
16312
+6359
+6405
6451
16496
$6542
«6587
6632
6677
6721
+6766
+6810
<6854
+6898
6942
+6985
.7028
«7071
7114
$7157
+7200
7242
«7285
.7327
7369
L7411
£ 7453
«TH94
«7536

«6031
« 6084
«6138
«6192
<6246
«6300
«6354
«6408
«B461
»6515
«6569
0623

6677

6725
6821
«6870
«6919
«6968
«7017
« 7067
o 7117
«7167
7217
7268
«7319
« 7370
7422
7473
«7525
« 7577
7629
«7682
« 7735
«7788
« 7841
« 7894
« 7948
8002
«8056
8110
«8l64
«8219
«8273
28328
+8383
8438
8494
+«8549
«8605
+8660
«8716
8772
8828
8884

2198.1009
2181.0201
2163.9528
2145.8561
2127.6139
2108.6294
2089.5475
2070,9862
2052.5068
2033.8807
2010.3788
1983.,3887
1947.5539

1904.0982
1852,2381
1793.0064
1727.17396
1659.3158
1591.0564
1523.3241
1459.6777
1399.1327
1341.8144
1288.3407
1236.0442
1186.3722
1139.1027
1095.0792
1053.0400
1013.0901
974.8540
938,.,6829
904.,5105
872.0610
840,9072
810.0386
780.9014
753.9982
728.2765
704,2560
681,1219
658.7540
637.8936
617.7568
598.1981
580.0054
561.9808
S44,4940
527,5411
511.1165
495,4716
480.,7791
465,7836
451,2083
438.0007

1919.2804 2476.9214
1901.8137 246042263
1883.1708 2444 ,7348
1865.0740 2426.6382
1847.1024 2408.1255
1827.6688 2389.5900
1807.7857 2371.3093
1787.6872 2354.2851
1769.6109 2335.4027
1750.0885 2317,6729
1718.7040 2302.0537
168243773 228443999
1638.6585 225644492
1589.7141 2218.4823
1536.7176 2167.7586
1474.8251 2111.1877
1415.1121. 204043671
1359.2429 1959,3887
1300.3271 1881.7856
1242,0927 1804.5556
1187.9408 1731.4146
1141.0040 1657.2614
1097.6074 . 1586.0214
1049.1997 1527.4816
1005.2416_ 1466.8468
964 .8985 1407.8460
.927.2142 ..1350.9913
892,5298 1297.6286
8567447 .. 1249.3352
824.4401 1201.7401
79641760 . 1153.5320
76841775 1109.1883
739.2651 . 1069.7559
711.4493 1032.6727
686.0063 /995.8081
659,9553 960.1218
634.7568 . _927.0461
611.2459 896.7505
589.3771 . B67.1760
570.6066 837.9053
.550+2386 . _812,0052
5286794 788.8285
5102441 765.5431
493.5347 741.9790
_ 47645672 . _719,8290
460.5784 699.4325
444,6524 = __679,3093
430.1807 658.8073
416,6257 .638,4565
402.8734 619.3596
387.9626 .. _602.9807
375.7061 585.8521
363.2112 568.3561
34843974 554.0193
3368681 . 5391334
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TABLE VII. - TRANSFORMED TIME-AND-THRUST STATISTICAL DATA OUTPUT

FORMAT FOR THE SOLID PROPELLANT ROCKET MOTOR PERFORMANCE

57.33
58.67
60,00
61.33
62.67
64,00
65433
66.67
68.00
69433
70.67
72.00
73.33
74467
76.00
77.33
78.67
80.00
81433
82.67
84,00
85433
86.67
88.00
89.33
90.67
92.00
93.33
94.67
96.00
9733
98.67
100.00

VERSUS TIME COMPUTER PROGRAM - Concluded

+8259
+8308
+8357
+8406
+B8455
+8503
.8552
+8601
+8650
+8699
8748
«8797
.BB46
+8895
8944
+8992
.9041
+9090
<9139
9188
.9237
»9286
9335
<9384
.9432
+9481
<9530
+9579
+ 9628
«9677
<9726
«9775
<9824

« 7577
7619
« 7660
«7701
7742
« 7783
<7824
« 7865
« 7905
« 7946
«7986
«8027
«8067
+8107
«8147
.8187
8227
«8267
8307
«8347
«8387
8427
«8466
«8506
8545
8585
8624
.8664
8703
<8742
«8782
8821
+«8860

«8941
+8997
«9054
«9110
«9167
«9224
«9281
«9338
9395
+9452
«9510
9567
«9625
«9682
«9740
«9797
«9855
«9913
«9971
1.0029
1.0087
1.,0145
1.0203
1.0261
1.0320
1.0378
1.0436
1.0495
1.,0553
1.0611
1.0670
1.0728
1.0787

424.4465
412.4682
401.7756
390.5586
380.7095
37045793
359.7040
34843283
337.3324
328.3641
319.0463
309.4565
300.9247
292.8332
284.5126
276.4818
269.1266
26242100
255.5590
248.8581
241.7264
235.0206
228.3924
222.2223
216.5944
211.6711
206.2429
200.4277
195.1405
190.1864
185.5576
180.3647
175.2670

32441052
314.0708
307.3071
298.3997
290.9875
279.2780
265.4061
253.,0975
242.0264
23443927
227.0833
219.1186
211.2617
204.5929
196.5410
188.9881
182.8596
177.3512
173.4801
166.6553
159,.,6450
155.6245
150.5706
146.2521
141.0506
136.8468
131.1978
123.9730
117.3585
113.0641
110.6363
108.3940
105.3755

524.7877

510.8655
496.2441
482.7176
470.4315
461.8806
454,0018
443.5590
432.6385
422,3355
411.009%
399.7944
390.5877
381.0734
372.4843
363.9755
355.3936
347.0687
337.6380
331.0609
323.8078
314.4167
306.2142
298.1924
292.,1381
28644954
281:2881
276.8824
272.9225
267.3087
260.4790
252.3354
245.1585
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Section AA of figure 1(b)

(c) Burning surface geometry of a typical internal-burning six-point
star propellant grain configuration versus regressed distances
normal to the original propellant surface.

Figure 1. - Concluded.
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Figure 3.- Typical performance variation of a
solid propellant rocket motor of fixed geometry
and given propellant that is tested at differing

prefire propellant temperatures,
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Figure 4.- Propellant burning surface area versus
increasing distance burned normal to the original
propellant surface for the six-point star propellant
grain configuration shown in figures 1(b) and 1(c).
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Figure 5.- Area ratio of propellant burning surface area
to nozzle throat area versus increasing distance burned
normal to the original propellant surface for the solid
propellant rocket motor shown in figure 1,
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Figure 6. - Typical variation of propellant performance character-
istics over linmited burning rate and chamber pressure ranges.
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Figure 7. - Second-order, least-squares curve
fit of experimentally determined chamber
pressures at the individual regressed distance
of interest normal to the original propellant
surface versus prefire propellant temperature.

LS

NASA-S-66-2031 FEB 24

Burning rate, in./sec

)

a
—

Prefite propellant temperature, °F

Figure 8. - Second-order, least-squares curve
fit of experimentally determined burning rates
at the individual regressed distance of interest
normal to the original propellant surface versus
prefire propellant temperature.
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Figure 9, - Second-order, least-squares curve fit

of experimentally determined motor operation
times to the individual regressed distance of
interest normal to the original propellant
surface versus prefire propellant temperature.
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Figure 10. - Example of two-sided tolerance limits

for a normal distribution.
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Figure 12. - IBM 7094 deck setup for the general solid propellant rocket
motor performance computer program using the group transformation
method.
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Figure 13. - Example of choosing the output points that will best define the
variation of chamber pressure and thrust versus time.
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APPENDIX A

LISTING OF THE GENERAL SOLID PROPELLANT ROCKET MOTOR PERFORMANCE

COMPUTER PROGRAM USING THE GROUP TRANSFORMATION METHOD
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70

$I8J0B DRIVFR GO0¢SOURCE
$IBFTC DRIVER

C
C
C

2
10
11
14
21

DRIVER PROGRAM FOR MOTORS

DIMENSION XX(4860)

DIMENSION EXPA(4)e COUNT(U4), WP (4r15)e WEB(4¢15), ATTOT(4+15)
1 AETOT(4+15)» P(9el4+15)s MOTNO(4+s15)» FVACL1(9+4+15)

COMMON G» CPHI» NTe EXPAy COUNT,» WP» WEBe ATTOT» AETOT»

1 P» MOTNOe FVAC1» NTIMES, XX» NTOT» NBURNe NFIRST» NP
COMMON CP1s CP2s CT1l, CT2¢ VECl» VECZ2» VEC3

READ (5¢10) CASE

WRITE (Rell) CASE

WRITE (6r21)

READ (5.+80)

WRITE (A¢R0)

READ (5079) NTIMES

WRITE (6r14) NTIMES

Lo 2 I = 1» NTIMES

READ (5+80)

WRITE (6:,80)

FORMAT (af)

FORMAT (1H1. A6/) .

FORMAT (11X //12y 33H TIMES WERE USED IN THIS ANALYSIS )
FORMAT ( 46HOGENERAL SOLID=-FUEL ROCKET PERFORMANCE PROGRAM /
1 120H ROCKET TEST FIRINGS CONULUCTED AT SEVFRAL TFMPERATURES

2 ARE EFFECTIVELY TRANSFORMEDN TO SPECIFIFL TEMPELRATURES OF INTFREST
3/ 89H STATISTICAL ANALYSES ARE PERFORMEU OM THF TEST FTRING
4 DATA AFTER IT HAS BEEN TRANSFORMED //)

79
80

$IBFT

10

14
15

FORMAT (10X, I12)

FORMAT (80H

1 )
CALL MOTORS

CALL MOT2

CALL MOT3

GO To 1

END

C STATS
SUBROUTINE STATS (Xe» N» XMe SD)
GIMENSION X(100)

SuUmMl = 0.
SUMZ2 = 0.
XNO = N

XNO1 = XNO - 1.

DENOM = XNO%xXMNO1

DO 10 I = 1N

SUML = SuUM1 + X(I)

SUM2 = SUM2 + X(I)*X(I)

XM = SUM1 / XNO

XNUM = (XNO*SUM2 = SUM1%xSUM1)
IF (XNUM LE. 0.) GO TO 14
SD = SART (XNUM/DENOM).

IF ((SD/XM) «.LT. .00025) GO TO 14
GO TO 1%

SD = 0.

RETURN

END



e TN

SORIGIN ALPHA
$SIBFTC MOTORS

C
C
C

SUBROUTINE MOTORS
SOLID PROPELLANT ROCKET MOTOR TEST PROGRAM = FIRST HALF

DIMENSION Z2Z(648)» XX(4860)
COMMON Go» CPHI» NT» EXPA» COUNT» WP» WEBs» ATTOT» AETOT»
Py MOTNOes FVACLl» NTIMES» XX¢ NTOT» NBURN» NFIRST» NP
COMMON CP1s CP2¢ CT1s CT2e VEC1le VEC2» VEC3
DIMENSION EXTEM( 4)s EXPAL 4)» EPS( 4)

[

1 COUNT( 4)» SET1(45)s SET2(uS5)y SET3(45)e SET4(45),
2 SETS(45)s SET6(4S5)e SET7(45)e TGRP(3)»
3 TENTRY(60)¢ TENT2(60)» ARRAY(46+4)¢ ENTRY(9+60)
u COEF1(9su4)s COEF2(9s4)y IFLAG1(9)» IFLAG2(9)

DIMENSION X{4)r TIME(Orl4+15) INTP(9,4¢15), P(9r4¢e15),
1 INTF(9el4915)» F{(9ele15), P1(Ss4el1S)e P2(9el4e15)
2 P3(9s4,15) T1(9v4s15), T2(9el4015) T3(9e4015)

3 INTPT1(9+s4+15) s INTPT2(9r4+15)s INTPT3(9+4s15)
DIMENSION AT1(4,15)» AT2(4+15), AT3{4r15), AT4(4,15)s AEL(U4,15),

1 AE2{4,15)s AE3(4e15)s AEL(4915)s WP(4s15)s WEB(U,15),
2 DENS(4/,15)r PAF(49215)s LNP(Delt)s LNT(O9r4),
3 MOTNO(4¢15) v TEMP(4015)» RU (4015)s KN (4,15)
DIMENSION MP(9esl4) e SDP(Qeli) MF(9el) » SDF(9e4)

1 MTIME(9:4)r SDTIMF(9s4)» MPT1(9»4)r SOPT1(904), MPT2(9r4),
2 SDPT2(9s4) MPT3(9r4)s SDPT3(904), MTT1(9v4) SDTT1(9.4)
3 MTT2(94)y SDTT2(9rl4) MTT3(9r4)e SOTT3(9el)» MPTT(9e4),
4 SDPTT(9.4). MTTT(9s4)ry SDTTT(9s4)e MINTLI(S94)e SDINT1(9,4),
S MINT2(9.4) ¢ SDINT2(9e8)s MINT3(9e4)e SDINT3(9rl)s MINTT(Os4),
6 SDINTT(9,4)y MTEMP( 15), SDTEMP( 1b)

DIMENSION R1 (4,15),» R2 (4¢15) ¢ R3 (4+15) e AFTOT(U4e15)»
1 ATTOT(4:,15)rEA (4015), EB (4915)» EC (4,15)» ED (4015)
2 ETOT (4.15)

3 +CIMINCY) s CIMAX(4)e C2MIN(4)» C2MAX{(4)» CITMN(4)» CITMX(4),
4 C2TMN(4)» C2TMX(4)

DIMENSION CIMN(S)e CLIMX(5)e C2MN(S) e C2MX(5)

DIMENSION

1 FVAC1(9+4,15), WPU (9¢4,15), ISP (994+15) ¢ IVACL(Qel,s15),
2 ISP1 (9,4,15)r I12 (994015), F12 (Qr4015) e ISPUL2(9r84015)
3 I13 (994015)s F13 (924+15)sISPUL3 (99e4915)e 114 (Qs4e15),
4 F14 (9+4415) v ISPUL4(O9sl4915) e CSTU (99e4915)

DIMENSION MAT(5)r SDAT(S)» MAE(S)s» SDAE(S) e ME(S)» SLE(S)

DIMENSION MINTP(9s4) e SDINTP(9e4)e MINTF(9e4)s SODINTF(9s4),
1 MWPU(9:4)» SOWPU(9e4) MISP(9ry4)r SDISP(9erl4)e MCSTU(Gr4)
2 SDCSTU(94 ), MRUC  4) SDRUC  4) MKN( 4} SDKNC  4),

3 MIVC1(9e4)s SDIVCL1(Geld)r MFVC1(9e4)s SDFVCL1(Gel4)e MIULL(O»4),

4 SDIUL1L(Y9el), MI12(9,4)r SNIL2(9e4) MF12(9e14)y SDF12(9s4),

S MIU12(9e4)» SDIUL12(9rY4) MI13(9e4)e SDIL3I(9r4)s MF13(9s4),

6 SDF13(9e4)y MIUL3(9e4)r SDIUL3(994) MI14(9,4)y SDIL14(9sy),

7 MF14(9e4)s SDF14(9e4)s MIULH4(9e4)» SDIUIL(D9:4) e IL(4)
DIMENSION SIGP12(9), SIGP22(9)s SIGP32(9)e SIGP11(9),

1 SIGP21(9), SIGP31(9)s SIGP13(9), SIGP23(9)s SIGP33(9).

2 PIK11(9),» PIK21(9)s PIK31(9)y PIK12(9)s PIK22(9)» PIK32(9)»

3 PIK13(9)» PIK23(9)y PIK33(9)

EQUIVALENCE

(£



(s NeKe]

a0

T2

1 (xXX( 1), T1201)» I13(1)» I14(1)» P1(1)),
2 (XX{ 541)» wWPU (1) P2(1)),
3 (Xx(1081) ISP (1) P3(1)) s
4  (XX(1621) F12(1)r F13(1)» F14(1)» T1(1))»
5 (XX(2161)» INTF(1)e T2(1))
6 (XX(2701). INTP(1)s T3(1))»
7 (XX(3241)s ISP1(1). ISPU12(1)» ISPU13(1)., ISPUL4(1)s INTPT1(1)).
8 (XX(3781). CSTU(1) s INTPT2(1))»
9 (XX(4321),» INTPT3(1))
EQUIVALENCE
1 (22« 1)y MIVC1(1)r MI12(1)s MI13(1)e MIL4(1)» MPTI(1)),
2 (ZZ( 37)» MPT2(1))»
3 (ZZ( 73)» MPT3(1) )
4 (2Z( 109)» MFVC1(1)» MF12(1)e MF13(1)s MF14(1), MTT1(1)),
S (ZZ( 145) MTT2(1) ),
6 (2Z{ 181)., MTT3(1))»
7 (Zzz¢4 217)e MIUL1(1)oMIUI2(1)»MIUL3(1) MIULG(1) s MINT1(1))»
8 (22( 253)» MINT2(1) )
9 (ZZ( 289). MINT3(1))
EQUIVALENCE
1 (22 325), SDIVC1(1)s SPDI12(1), SDI13(1)e SNI4(1)s SDPT1(1)).
2 (ZZ( 361) SDPT2(1) )
3 (Zz( 397) SDPT3(1))
4 (ZZ¢ u33)y SDFVC1(1)» SDF12(1), SDF13(1)» SDF14(1)s SDTT1(1))»
S (ZZ( up9)» SDTT2(1) )
6 (ZZ( S05) SDTT3(1) )
7 (2Z¢ 541)y SNIULL(L)»SDIVI2(1),SOTIULA(1),SDIULL(L)y SDPTT(1))
8 (ZZ(C 577). SDTTT(1) )
9 (ZZ2( 613)» SDINT3(1))
INTEGER COUNT» ENDMOT. TEMSEL
REAL INTP » INTF » INTPT1» INTPT2s INTPT3s INTPTT»
1 MTEMP » MTIME » SDTIMF» MP » MF ¢ MPT1 » MPT2 +» MPT3
2 MPTT » MTT1 » MTT2 ¢ MTT3 » MTTT » MINT1 » MINT2 » MINT3 »
3 MINTT » LNT » LNP » MOTNO » ISP v IVAC1 » ISPl » I12 ’
4 ISPU12, 113 ¢y ISPU13, Il v ISPULY» KN v MINTP o MINTF »
5 MWPU » MISP o+ MCSTU » MRU ¢+ MKN r MIVC1 » MFVC1 » MIU11 o
6 MI12 o MF12 » MI13 » MF13 » MIUL3 o MI14 » MF14 » MIULY4
REAL MAT» MAEe. ME
INPUT FORMATS
81 FORMAT (112 4F12.4)
82 FORMAT (2F12.5» 312)
83 FORMAT (4F12.4)
84 FORMAT (A6+ F1l2.49» I2)
85 FORMAT (4E12.5)
86 FORMAT (8F9.4r F8.4)
OUTPUT FORMATS
16 FORMAT (10HNTHERE ARE I2, #6H AMHBIENT PRESSURFS BEING CONSIDERED,

1 THEY ARE / u4F12.4)

18 FORMAT

(10HO

THFERE ARE I2s 46H EXACT TEMPERATURES REING CONSIDERED»

1 THEY ARE / 4F12.4)

20 FORMAT

(41H

2001 FORMAT ( 62H1THROAT AREA

1AT TOTAL / 10H MOTOR NO.//)

2002 FORMAT
2003 FORMAT ( 62H1EXIT AREA

(11HO

1AE TOTAL / 10H MOTOR NO.//)

2004 FORMAT ( f2HIEXPANSION RATIO EA

G AND PHI ARE CONSTANT FOR A RUN AND ARE / 2F12.5)
ATA ATB ATC ATD

TEMP GROUP 12 // (1Xr A6eSXs SF10.4))
AEA AEB AEC AED
ER £C EN

1 € TOTAL / 10H MOTOR NO.//)




PR N

2005 FORMAT (101H1TIMES T1 T2 T3 T4
1 T5 Té 17 T8 T9 /7 10H MOTOR NO.)
2006 FORMAT (11HOTEMP GROUP 12 // (1X» A6¢5Xe 9F10.4)) :
2007 FORMAT (101H1IPRESSURES PT1 PT2 PT3 PT4
1 PTS PTe6 PT7 PT8 PT9 / 10H MOTOR NO.) )
2008 FORMAT (119H1INTEGRATED INTPT1 INTPT2 INTPT3 I
INTPTY INTPTS INTPTe6 INTPT? INTPTS INTPTY9/
2 9H PRESSURE / 10H MOTOR NO.)
2009 FORMAT (102H1 CSTAR T1 CSTAR T2 CSTAR T3 CSTAR T4
1CSTAR T5 CSTAR Teé CSTAR T7 CSTAR T8 CSTAR T9 /10H MOTOR NO.)
2010 FORMAT ( S2H1 AVERAGE R BASED AVERAGE KN BASED /
1 48H ON BURN TIME ON BURN TIME /
2 10H MOTOR NO.)
2012 FORMAT (101HIPROPELLANT WT. WPT1 WPT2 WPT3 WPTY
1 WPTS WPT6 WPT7 wPT8 WPT9 / 10H MOTOR NO.)
2014 FORMAT (1H1. 30Xe 13H PA = AMBIENT //)
2015 FORMAT (119H THRUST FT1 FT2 FT3
1FT4 FT5 FTé FT7 FT8 FT9 7
2 10H MOTOR NO.)
2016 FORMAT (119H TOTAL IMPULSE IT1 IT2 173
‘174 ITS ITe 177 IT8 IT9 7/
2 10H MOTOR NO.)
2017 FORMAT (119H SPEC. IMPULSE ISPTL 1sPT2 ISPT3 I
1SPTY ISPTS ISPT6 1SPT? ISPT8 ISPT9 /

2 10H MOTOR NO.)
2024 FORMAT (1H1, 30X, SH PA = F 9.3)
2030 FORMAT (1H1, 30X, 18H TRANSFORMED TIME / 9H TIME NO.I1?)
2031 FORMAT (1H1, 30X, 22H TRANSFORMED PRESSURES / 9H TIME NO.I2)
2040 FORMAT (11HOTEMP GROUP I2 //(1X» A6018Xe 4F10.4))
2041 FORMAT (11HOTEMP GROUP I2 // (1Xs A6 18X» UF12.2 10Xe 4F12,.2))
2042 FORMAT ( 30Xes 18H PRESSURE INTEGRAL 40Xr 17H AVERAGF PRESSURE)
2044 FORMAT (11HOTEMP GROUP I2 // (1XeA6e7Xre FL10e4r 12X» F10.4))
2045 FORMAT (11HOTEMP GROUP 12 // (1Xs A6r SXe 9F12.2))
2046 FORMAT (11HOTEMP GROUP I2 // (1X» A6+S5X» 9F10.2))

2047 FORMAT ( 27Xr36H TEMP1 TEMP2 TEMP3 TEMPY /
1 10H MOTOR NO.}

2048 FORMAT ( 27Xr43H TEMP1 TEMP2 TEMP3 TEMPY4 17Xy
1 43H TEMP1 TEMP2 TEMP3 TEMPY /

10H MOTOR NO.)

2050 FORMAT (1H1s 30Xr 23H TRANSFORMATION FACTORS )
2051 FORMAT ( 7H PIK11 9F10.6 / 7H PIK21 9F10.6 / 7H PIK31 9F10.6 /
1 7H  PIK12 9F10.6 / 7H PIK22 SF10.6 / 7TH PI1K32 9F10.6 /
2 7H PIK13 9F10.6 / 7H PIK23 9F10.6 / 7H PIK33 9F10.6//)
2052 FORMAT ( 7H SIGP11 9F10.6 / 7H SIGP21 9F10.6 / 7H SIGP31 9F10.6 /
1 7H SIGP12 9F10.6 / TH SI6GP22 9F10.6 / 7H SIGP32 9F10.6 /
2 7H SIGP13 9F10.6 / 7H SIGP23 9F10.6 / TH SIGP33 9F10.6 )
2055 FORMAT (12HOMEAN 9F10.4 7/ 12H STAND. DEV OF10.4)
2060 FORMAT (12HOMEAN 9F10.2 / 12H STAND. UEV, 9F10.2)
2062 FORMAT (3u4HOCONFIDENCE ON NORMAL DISTRIRUTION /
1 25H (ONE MIN 4F10.4 /
2 25H SINED MAX 4Fi10.4 //
3 25H (Two MIN 4F10.4 /
4 25H SIDED MAX 4F10.4 )
2063 FORMAT (14HOMEAN F10.4» 12X» F10.4 /
1 14H STANDARD DEV. Fl0.4» 12Xe F10.4 )
2064 FORMAT (25HOMEAN 4F10.4 /
1 25H STANDAROD DEV. 4F10.4)
2065 FORMAT (25HOTOTAL MEAN 4F10.4 /
1 25H TOTAL STANDARD DEV. 4F10.4 )
2066 FORMAT (25HOMEAN 4F12.2» 10X» 4F12.2 /
1 25H STANDARD DEV. 4F12.,2, 10Xe 4F12.2 )
2067 FORMAT (25HOTOTAL MEAN 4F12.2» 10X» 4F12.2 /

(F]



T

C

OO0

[eNalg]

[N eXs]

[aNeXe]

1 25H TOTAL STANDARD DEV. 4F12.2¢ 10Xe 4F12.2 )
2068 FORMAT (34HNCONFIDENCE ON NORMAL DISTRIBUTION /

1 25H (ONE MIN 4F12.2¢10X04F12.2 /

2 25H SIDED) MAX 4F12.2¢10X014F12.2 7/

3 25H (TWO MIN 4F12.2010Xe84F12.2 /

4 25H SIDED) MAX 4F12.2¢10X04F12.2 )

2070 FORMAT (12HOTOTAL MEAN S5F10.4 / 12H TQTAL S.D. SF10.4)

2071 FORMAT (34HOCONFIDENCE ON NORMAL DISTRIBUTION /

1 12H (ONE  MIN 5F10.4 / 12H SIDED) MAX SF10.4//
2 12H (TWO  MIN SF10.4 / 12H SIPED). MAX SF10.4)
2080 FORMAT (12HOMEAN 9F12.2 / 12H STAND. DEV. 9F12.2)
COUNT(1) = 0
COUNT(2) = 0
COUNT(3) = 0
BLANK = 0.

READ DATA AND GROUP IT INTO TEMPERATURE GROUPS

5 READ (5081) NPe (EXPA(I)r I = 1/NP)
WRITE (6¢16) NPy (EXPA(I)e I = 1,NP)
READ (5¢81) NT» (EXTEM(I)» I=1,NT)

READ (5¢81) NT» (TGRP (I). I=1,NT)

TGRP (NT + 1) = TGRP (NT) * 2,

WRITE (6¢18) NT» (EXTEM(I)e I = 1»NT)
READ (5082) Gs» PHI» NTOT» NBURNes NFIRST
WRITE (6¢20) G» PHI

READ (5+83) CT1» CT2, CP1ls CP2

ASSIGN DATA FOR A MOTOR INTO PROPER TEMPERATURE GROUP

9 READ (Se84) XMOT » FIRETPs» ENDMOT
D0 19 J = 1.3
EPS(J) = (TGRP (J+1) = TGRP (J)) *,.5
IF ((TGRP (J) + EPS(J)) .6T. FIRETP) GO TO 25
19 CONTINUE
25 COUNT(J) = COUNT(J) + 1
K = COUNT(J)
45 TEMP (JsK) = FIRETP
MOTNO(JrK) = XMOT

READ REMAINDFR OF NATA FOR A MOTOR
READ (5¢85) AT1(JeK)» AT2(JeK)» AT3(JrK)» ATHLJIK)»
1 AEL(JrK)» AE2(JrK) e AF3(JrK) e AE4(JrK)»
2 WP (JrK)» WEB(JrK) e DENS(JUrK)» PAF (JrK)

READ (5.86) (TIME(I»JeK)» I = 1+NTIMES)
READ (5,86) (INTP(IedeK)r I = 1oNTIMES)
READ (5086) ( P(IedeK)r» I = 1oNTIMES)
READ (5¢86) (INTF(IesJeK)e I = 1,NTIMLS)
READ (5,86) ( F(IredrK)» I = 1eNTIMES)
IF (ENDMOT .LT. 1) GO TO 9

PROCEED WITH MAIN BODY OF PROGRAM

J1= COUNTI(1)

J2 = COUNT(2)

J3 = COUNT(3)
TEMSEL = 1

CPHI = COS (PHI)

COMPUTE P(IeJeK)e F(IvJeK) AND STATISTICS ON P.F AND TIME



OO

OO0

104
105

106
107

108

115

116

118

216

218

260
270

DO 115 1 = 1,NTIMES

ISWw = 1

IF (P(IsJeK) oGTe 0s) ISW = ISW + 1
IF (F(I1sJeK) «GTe 0s) ISW = ISW + 2
DO 115 J = 1NT

L =20

JJ = COUNT (J)

DO 108 K = 1,JJ

GO TO (104, 105» 106+ 107)s» 1ISW
P(I»JeK) = INTP(IvJeK) / TIME(I»JrK)
F{IeJrK) = INTF(IvJeK) /7 TIME(IsJrK)
GO TO 107

P(IvrdseK) = INTP(I»JrK) / TIME(I»JeK)

L=L +1
SETL(L) = P(IsJeK)
SET2(L) = F(IsJeK)

SET3(L) = TIME(IrJsK)

CALL STATS (SET1. L» MP (I.J)e SOLP (1,J))
CALL STATS (SET2. L» MF (I.Jd)e SUF (LeJ))
CALL STATS (SET3e Le MTIME(I»J)r SLTIMF(I,J))

WRITE (6:2005)
DO S5 J = 1NT
JJ = COUNT(J)

WRITE (602006) Jr (MOTNO(JeK)» (TIME(TeJrK)eI=1+9),

WRITE (6,2055) (MTIME(TI,Jd)» I=1+9)» (SNDTIME(IsJ)rIz1,0)

WRITE (6,2007)

DO 118 J = 1#NT

JdJd = COUNT (J)

WRITE (6,2046) Jo» (MOTNO(JrK)» (P(ledrK)e I
WRITE (6+,2060) (MP(IsJ)e I=1+9)r (SDP(IsJ)»
WRITE (6,2014)

WRITE (6,2015)

DO 218 J = 1,NT

JJ = COUNT(J)

WRITE (6.,2045) Je (MOTMO(JrK)e (F(IeJdrK)e I
WRITE (6,2080) (MF(IeJ)e I=1+9)» (SDF(XIeJ)>»

COMPUTE STATISTICS FOR TtMPERATURE

DO 270 J = 1,NT

L =0

JJ = COUNT(J)

DO 260 K = 1,JJ

L =L +1

SET1(L) = TEMP(JeK)

CALL STATS (SET1» L» MTEMP(J)» SUTEMP(J))

COMPUTE AETOTAL, ATTOTAL ANU AREA RAT10S FOR FUTURE USE

L=0

DO 704 J = 1oNT
JJ = COUNT (J)

DO 704 K = 1eJJ
L =L +1

= 1+9)r K
I=1.9)

AETOT(JrK)= AEL1(JeK) + AE2(JrK) + AE3(JrK) + AE4(JsK)

ATTOT(JrK) = AT1(JrK) + AT2(JeK) + AT3I(JeK) + ATU(JrK)

EA(JeK) = AEL(JIK) / ATL(JrK)
EB(JeK) = AE2(JeK) / AT2(JrK)
EC(JryK) = AE3(JeK) 7/ AT3I(JrK)
ED(J,K) = AEU(J9K) / ATH(JeK)
ETOT(JeK) = AETOT(JeK) 7/ ATTOT(J¢K)

K = 1eJdd)

1,Jd)

1rJJ)

>
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704

1704

1706

1070

1075

SET1(L) = AT1l.(JeK)
SET2(L) = AT2(JeK)
SET3(L) = AT3(JK)
SET4(L) = AT4(JsK)
SETS(L) = ATTOT(JrK)
SET6(L) = AE1(JsK)
SET7(L) = AE2(JsK)
TENT2(L)= AE3(JrK)

CALL STATS (SET1s Ls MAT(1),» SDAT(1))
CALL STATS (SET2s Lr MAT(2), SDAT(2))
CALL STATS (SET3s Le¢ MAT(3), SDAT(3))
CALL STATS (SET4s Le MAT(4), SDAT(4))
CALL STATS (SETSe Ls MAT(5), SDAT(S))
CALL STATS (SET6s Ls MAE(1)s SDAE(1))
CALL STATS (SET7¢ L» MAE(2)s SDAE(2))
CALL STATS (TENT2.Ls MAE(3), SDAE(3))
L=o

DO 1704 J = 1.NT

JJd = COUNT(J)

DO 1704 K = 1,JJ
L=L +1

SET1(L) @ EA(JK)
SET2(L) = EB(JsK)
SET3(L) = EC(JiK)
SET4 (L) = ED(JeK)
SETS(L) = ETOT(JrK)
SETe(L) = AF4(JeK)
SET7(L) = AETOT(JeK)

CALL STATS (SET1, Le» ME(1)e SDE(1))
CALL STATS (SET2» L ME(2)» SDE(2))
CALL STATS (SET3» L» ME(3)r SDE(3))
CALL STATS (SETu4» L» ME(4)r» SDE(4))
CALL STATS (SETSe Le» ME(S)e SDE(5))
CALL STATS (SETé6e L» MAE(4), SDAE(4))
CALL STATS (SET7¢ Lo MAE(S)» SDAE(S))

DO 1706 K = 15
CIMN(K) = MAT(K) = CP1*SDAT(K)
CIMX(K) = MAT(K) + CP1*SDAT(K)
C2MN(K) = MAT(K) = CP2%SDAT(K)
C2MX(K) = MAT(K) + CP2xSDATI(K)
PERFORM CALCULATIONS ON NON-TRANSFORMED NATA

DO 1100 I = NFIRSTsNTIMES
DO 1100 J = 1sNT

=0

JJ = COUNT (J)

DO 1076 K = 1,JJ

L=L +1

IF (INTP(IsJeK) «NEe. 0.) GO TO 1070

INTP(IedeK) = P(I+sJeK) * TIME(I»JrK)

IF (INTF(IsJeK) oNEe. 0s) GO TO 1075

INTF(IoJeK) = F(IedeK) * TIME(IeJsK)

WPU(IrJdrK) = WP({JrK)XINTP(IoJeK) / INTP(NTOTeJeK)
CSTU(IvJeK) = INTP(IvJeK)X*GRATTOT(JIK) / WPU(I»JrK)
ISP(IrJdeK) = INTF(IeJeK) / WPU(IrJrK)
FVACL(IeJeK)= FA(IedeK) + PAF(JrK)*AETOT(JeK)*CPHT
IVACL(IeJeK)= FVACL(IeJeK) * TIME(I»JrK)
ISP1(IeJeK) = IVACL(IrJeK) 7 WPU(IsJeK)

TENT2(L)= CSTU(I,JrK)

SETI(L) = IVACI(I,JrK)

SET2(L) = INTP(IrJeK)




1076

1100

1080

1085

1090

1061

1062

1063
o

SET3(L) = INTF(IeJeK)
SETu(L) = FVAC1(IeJeK)
SETS(L) = ISP(IrJeK)
SET6(L) = WPU(IsJrK)
SET7(L) = ISP1 (I,JsK)

CALL .STATS . (TENT2+L» MCSTU(I»J)e SDCSTU(I,J))
CALL STATS (SET1, L MIVC1(I,J)s SDIVC1(I.J))
CALL STATS (SET2s Lo MINTP(IeJ)e SDINTP(I,J))
CALL STATS (SET3» Le MINTF(IeJ)e SOINTF(Iod))
CALL STATS (SET4s‘Le MFVC1(IsJ)e SOFVC1(IsJ))
CALL STATS (SETSe Lo MISP (IsJ)e SDISP (I,J))
CALL STATS. (SET6e¢ L» MWPU (IeJ)s SOWPU (IeJ))
CALL STATS (SET7s Le MIUL11(IsJ)e SDIUL11(I.J))
CONTINUE

WRITE (6,2008)
DO 1080 J = 1¢NT
JJ = COUNTI(U)

WRITE (602045) Jo (MOTNO(JsK) s C(INTP(IsJsK)e I = 1+9)s K = 1,J9)

WRITE (6,2080) (MINTP(IesJ)e I=1+9), (SDINTP(IeJd}r I=1,9)
WRITE (6,2014)

WRITE (6+,2016)
DO 1085 J = 1/NT
JJ = COUNT(J)

WRITE (6¢2045) Je (MOTNO(JsK)» (INTF(IsJrK)»I = 199)r K = 1eJJ)

WRITE (6,2080) (MINTF(I»J)e I=199)e (SDINTF(IrU)r [=109)
WRITE (602014)

WRITE (6¢2017)

DO 1090 J = 1+NT

JJ = COUNT(J)

WRITE (602045) Js (MOTNO(JrK) s (ISP(IeJeK)e I = 1+9)y K = 1eJJ)

WRITE (6¢2080) (MISP (IeJ)e I=1¢9)s (SDISP (IeJ)e 1I=1,9)
WRITE (602024) EXPA(1l)

WRITE (6¢2015)

DO 1061 J = 1NT

JJ = COUNT(J)

WRITE (6:2045) Jy (MOTNO(Je¢K)e (FVACL(IedeK)» I=109), K=1,JJ)
WRITE (6,2080) (MFVC1(IeJ)e I=1¢9)¢ (SDFVC1(Ied)e I=1.9)
WRITE (602024) EXPA(1)

WRITE (602016)

DO 1062 J = 1.NT

JuJ = COUNT (J)

WRITE (602045) Js (MOTNO(JeK) e (IVACL{(IsJeK)e I=199)e K=1yrJJ)
WRITE (60,2080) (MIVC1l(IeJ)r I=1¢9)r (SDIVC1(IeJ)r I=1,9)
WRITE (6,2024) EXPA(1)

WRITE (602017)

DO 1063 J = 1»NT

JJ = COUNT(J)

WRITE (6+2085) Jr (MOTNO(JeK)» (ISP1 (I¢JrK)eI=199) e K=1/r»JJ)
WRITE (6.2080) (MIU11(I.J)» I=1¢9)s (SDIUL1(IsJ)e I=1:9)

IF (NP .LE. 1) GO TO 1099
DO 1101 I = NFIRST»NTIMES
DO 1101 J = 1.NT

L=0
JJ = COUNT(J)
DO 1160 K = 1+JJ

L=L+1
I12(IsJeK) = IVACL(IeJeK) ~ (EXPA(2)%AETOT(JrK)*CPHI)*TIME(I»JrK)
F12(IeJeK) = I12(IeJeK) / TIME(I»JeK)

ISPU12(1eJeK) = I12(IvJeK) /7 WPU(IrJeK)
SET1(L) = 112(XeJdeK)

T
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1160

1101

1071

1072

1073

1180

1102

los81

1082

1083

SET4(L) = F12(IsJeK)

SET7(L) = ISPU12(I+JsK)

CALL STATS (SET1» Le MI12(10J)» SDI12(I0d))
CALL STATS (SETde L MF12(I»J)» SDF12(IrJ))
CALL STATS (SET7¢ L» MIU12(I»J)e SDIUL2(I¢J))

WRITE (6e2024) EXPA(2)

WRITE (6,2015)

DO 1071 J = 1.NT

JJ = COUNT (J)

WRITE (6,2045) Je (MOTMNO(JIK) e (F12(IeJeK) e I=199), K=1rJJ)
WRITE (602080) (MF12(IsJ)e 1=1,9)s (SDF12{(1IeJ)s I=1,9)
WRITE (6,2024) EXPA(2)

WRITE (6+2016)

DO 1072 J = 1oNT

JJd = COUNT(J)

WRITE (6:2045) Jr (MOTNO(JrK) e (I12(I1edeK)s IZ1¢9)y K=1rJJ)
WRITE (602080) (MI12(I,J)e I=1,9)s (SDI12(IsJ)s I=1,9)
WRITE (6¢2024) EXPA(2)

WRITE (6,2017)

DO 1073 J = 1NT

JdJd = COUNT (J)

WRITE (6+2045) Jr (MOTNO(JsK)» (ISPULI2{TIsJeK)s IZ1¢9)¢ K=1,JJ)
WRITE (602080) (MIU12{(I¢Jd)e I=1+9), (SDIUL2(XeJ)r I=1¢9)

IF (NP .LE. 2) GO TO 1099

DO 1102 I = NFIRST!NTIMES
DO 1102 J = 1eNT
L =0

JJ = COUNT (J)
DO 1180 K = 1,JJ

L=L +1
I13(IeJeK) = IVACL(I»JsK) =~ (EXPA(I)*AETOT(JrK)*CPHII*TIME(IvJeK)
F13(IvJrK) = I13(I+JeK) 7/ TIME(Ir»JrK)

ISPUL3(I»JeK) = I13(IrJeK) /7 WPU(IrJsK)
SET1(L) = I13(IrJeK)

SETH(L) = F13(IedsK)

SET7(L) = ISPU13(I+JrK) s

CALL STATS (SET1» L MI13(IsJd)r SDIL3(IrJ))
CALL STATS (SET4s Le MF13(IeJd)s» SDF13(I,J))
CALL STATS (SET7» Le MIUL3(IeJ), SDIUL3(I»J))

WRITE (6,2N24) EXPA(3)

WRITE (6+2015)

DO 1081 J = 1,NT

JJ = COUNT (J)

WRITE (Ae2085) Jo» (MOTNO(JrK)» (F13(IvJsK)r I=1e9)s KZleJJ)
WRITE (602080) (MF13(IsJ)» I=1+9)s (SDF13(IeJ)» I=1r9)
WRITE (6,2024) EXPA(3)

WRITE (6,2016)

DO 1082 J = 1»NT

JJ = COUNT (D)

WRITE (602045) J» (MOTNO(JeK)e (I13(IedeK)e IZ109)s KZ=10JJ)
WRITE (6+2080) (MI13(IsJ)e I=1,9)s (SDI13(IrJ)e IZ1¢9)
WRITE (602024) EXPA(3)

WRITE (602017)

U0 1083 J = 1/NT

JJ = COUNT (J)

WRITE (6¢2045) Jr (MOTNO(JrK)» (ISPUL3(IsJrK)e I=1,Q)r K=1,JJ)
WRITE (6,2080) (MIU13(I+J)eI=1¢9)s (SPIULI3(IsJ)rI=1s9)

IF (NP .LE. 3) 60 TO 1099
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1091

1092

1093

OO0

1099

1120

1104

1095

1077

00 1103 I
DO 1103 J
L=o0

NFIRST¢NTIMES
1,NT

JJ = .COUNT(J)

0 1200 K
L=1L +1
114(1¢JeK)
F14(XIeJeK)

ISPULIL4 (T »JeK)

SET1(L) =
SET4(L) =
SET7(L) =

CALL STATS (SET1» Le MILQ(TIvd)
CALL STATS (SET4r Le MFI4(IsJ)
CALL STATS (SET7+ Le MIUL14(TIsJ)

1eJJ

= IVAC1(IeJeK)

= (EXPA{4)*AETOT(JrK)*CPHI)*TIME(I +JrK)

= 114(TIrJeK) / TIME(IrJrK)

I114(T0JdrK)
F14(IeJeK)
ISPU14(IsJeK)

WRITE (602024) FXPA(4)
WRITE (6,2015)

00 1091 J = 1.MT

JJ = COUNT (J)

WRITE (he20u5) J,

WRITE (Ae2080) (MF14(IsJ),
WRITE (602024) EXPA(Y)
WRITE (6r2016)

DO 1092 J = 1,NT

JJ = COUNT (J)

WRITE (6,2045) Jy (MOTNO(JrK)»

WRITE (6¢2080) (MIL14(I+J)
WRITE (6,2024) EXPA(Y4)
WRITE (6:,2017)

U0 1093 J = 1.NT

JJ = COUNT (J)

WRITE (6,2045) J»
WRITE (6.,2080)

COMPUTE RU»

DO 1104 J = 1NT

L =20

JJ = COUNT (J)

DO 1120 K = 1,JJ

L =L +1

RUGJK) = WEB(JrK)
KN{J,K) =

SET6 (L) = RU (JrK)
SET7(L) = KN (JeK)
CONTINUE

CaLL STATS

(SETHA» Le MRU

CALL STATS (SET7» Le MKN

CONT INUFE

WRITE (6,2009)
L0 109% J = 1oNT
JJ = COUNT (J)

WRITE (6,2046) J»
WRITE (6,2060)

WRITE (6,2012)
DO 1077 J = 1sNT
JJ = COUNT (J)

YRITE (6020456) Jr» (MOTNO(JIK)»

WRITE (692060) (MWPU(T,d)»
WRITE (6,2010)

DO 1098 J = 1.MT

JJ = COUNT(J)

(MOTMO(JsK)»

(MOTNO(JrK)»
(MIUI4(IrJ)eIz199)

(
(

(MOTNO(JeK) »
(MCSTU(I»J) ¢ T=1+9)

I=1,90)

I1=1+9)

(F14(1eJeK)»

(I14(1edeK)»

= I14(IsJeK) / WPU(IsJdeK)

SPIIL(TIvd))
SDF14(Ted))
SLIV1G(I»N))

(SPF14(IeJ) e

(SDT14(Led)

(ISPULL (T rJeK) e

I=1¢9),

I=1+9),

1

I=1,9)

I=1,9)

=1¢9)

(SDTVLIG(Trd) »I=1+9)

KM AND THEIR STATISTICS

/ TIME(NRURNeJrK)
G * INTP(NSBURNsJrK)/ (DFENS(JrK)I%RCSTUINBURN,J»K)*RU(JIrK) )

Jl» SURU  ( U))
Jle SUKN ( J))

I=1¢9)»

(WPU(TIsJrK)»

(CSTUCT»drK)» I

1¢9)

(SDCSTU(TIeJ) e I=1+9)

(SOWPU(Ied) s

I=1,9)e K =

I=1,9)

K=1r,JJ)

K=1»JJ)

K=1rJJ)

K = 1,40

1LedJ)

79
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WRITE (6,2044) J»

(MOTNO(JoK)» RU(JIK) ¢ KN(JrK)o»

K=1»JJ)

1098 WRITE (6:2063) MRU(J) e MKN(J)» SDRU(J)» SDKN(J)
PRINTOUT OF THROAT AREASe EXIT AREAS AND AREA RATIOS
WRITE (6,2001)
DO 701 J = 1NT
JJ = COUNT(J)
701 WRITE (6,2002) Jr (MOTNO{(UsK)» AT1(JeK)» AT2(JeK) e ATI(JeK)»
1 ATG(JeK)» ATTOT(U»K)» K = 1edd)
WRITE (/A,2070) MATe» SNAT
WRITE (6,2071) C1MN» CIMX» C2MNe C2MX
U0 17N7 K = 195
CIMN(K) = MRE(K) = CP1*SDAE(K)
CIMX(K) = MAE(K) + CP1xSDAE(K)
CO2MN{K) = MAE(K) = CP2*SDAE(K)
1707 C2MYX(K) = MAE(K) + CP2*SDAF(K)
WRITE (6,2003)
LUO 702 J = 1oNT
JJd = COUNT (J)
702 WRITE (6,2002) Jy» (MOTNO(JsK) AET (UK e AE2(JrK)y AE3{JeK)»
1 AFU4(JeK)» AETOT(JrK) e K = 1sJd)
WRITE (/,2070) MaEe» SNAE
WRITE (6+2071) CIMNe CIMXes C2MM, C2Mx
L0 17NR K = 195
CIMiN(K) = ME (K) = CP1*SDE (K)
CIMX(K) = MF {(K) + CP1%SNF (K)
C2MR(K) = ME (K) - CP2#¥SDF (K)
1708 C2MX(K)} = MF (K) + CP>*SDF (K)
WRITE (/fe2004)
L0 7N3 U = 1.MT
JJ = COUNT(J)
703 WRITE (6,2002) Jr (MOTNO(JeK)» EACJPK) » ER(JrK)» EC(JsK)»
1 FDO(JrK)» ETOT(J»K)e K = 19»JJ)
WRITE (As2070) ME o SDF
WRITE (6,2071) C1MNes CIMX» C2MNy C2MXx
COMPUTF CONSTITUENTS OF LNP USING LEAST SQUARES
LL = n
DO 282 J = 1oNT
Jd = COunT ()
CO 282 K = 1.JJ
LL = LL + 1
TENTRY(LL) = TEMP(JrK)
282 TENT2 (LL) = TEMTRY(LL) *x2
300 DO 311 I = 1/NTIMES
IFLAGI(TI) = O
IFLAG2(1) = 0
IF (P(1Is1,1)) 308, 308, 309
308 IFLAGL(I) = 1
60 TO 311
309 LL = n
DO 310 J = 1eNT
JJ = COUNT ()
[0 310 K = 1.JJ
LL = LL + 1
ENTRY(IoLL) = ALOG (P(TsJeK))
310 CONTINUE
311 CONTINUF

NM = COUNT(1) + COUNT(2) + COUNTI(3)
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v312

315

320

400

408

409

410
411

412

415

420

450

460

DO 320 I = 1,NTIMES
IF(IFLAGLI(TI) - 1) 312,320,312

DO 315 LL = 1.NM

ARRAY(LL,1) = 1.

ARRAY (LL»2) = TENTRY(LL}

ARRAY(LL,»3) = TENT2(LL)

ARRAY (LLs4) = ENTRY(I.LL)

CALL GLS1 (ARRAY» Xe IL» NMe 3, ALPHA» Oer 0.)
COEF1 (I»1) = X(1)

COEF1 (1,2) = X(2)

COEF1 (I,3) = X(3)

CONT INUF
COMPUTE CONSTITUFNTS OF LNT USING LEAST SQUARES

DO 411 I = 1,NTIMES

IF (TIME(I»1r1)) 408, 408, 409
IFLAG2(T) = 1

GO TO 411

LL = 0

DO 410 J = 1¢NT

JJ = COUNT (J)

DO 410 K = 1.JJ

LL = LL + 1

ENTRY (I,LL) = ALOG (TIME(I»JrK}))
CONTINUE

CONTINUE

DO 420 I = 1»NTIMES

IF (IFLAG2{I) = 1) 412,420e412
DO 415 LL = 1,NM

ARRAY(LL,1) = 1.

ARRAY (LL»2) = TENTRY(LL)

ARRAY (LL»3) = TENT2(LL)

ARRAY (LL».4) O ENTRY(IrLL)

CALL GLS1 (ARRAY, Xe IL» MMy 3» ALPHA» 0.r 0.)
COEF2 (I»1) = X(1)

COEF2 (I+2) = X(2)

COEF2 (1I.,3) = X(3)

CONTINUE

COMPUTE ACTUAL LNP AND LNT

DO 460 I = 1 NTIMES

DO 460 J = 1eNT

LNP(IeJd) = COEF1(I+1)+ COEF1(I»2)*EXTEM(JY+ COEF1(I1e3)*EXTEM(J) *%2
LNT(IeJd) = COEF2(Is1)+ COEF2(I12)*LXTEM(JY+ COEF2(I93)*EXTEM(J) *%2

DO 462 I = 1,NTIMES

SET1(1) = 0.

IF (MP(I,1) +GT. 0.) SET1(1)= COEF1(Ir1) + COEFL1(I,2)*MTEMP(1) +
1 COLF1(I»3)*MTEMP (1) *%2

SET1(2) = 0.

IF (MP(I+2) .GT. Da) SET1(2)= COEF1(1+1) + COFF1(1,2)*MTEMP(Z) +
1 COEF1(1¢3)*MTEMP (2) *%2

SET1(3) = 0.

IF (MP(I¢3) «GTe 0.) SET1(3)= COEF1(Ir1) + COEF1(I,»2)*MTEMP(3) +
1 COLF1(I»3)*MTEMP(3) x%x2

PIK11(I) = (LNP(I»1) - SET1(1)) / (EXTEM(1) - MTEMP(1))

PIK12(I) = (LNP(I¢2) = SET1(1)) / (EXTEM(2) = MTEMP(1))

PIK13(I) = (LNP(I.3) - SET1(1)) / (EXTEM(3) = MTEMP(1))

81
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PIK21(T) = (LNP(I,1) = SET1(2)) / (EXTEM(1) - MTEMP(2))
PIK22(I) = (LMP(I,2) -~ SET1(2)) / (EXTEM(2) -~ MTEMP(2))
PIK23(I) = (LNP(I+3) = SET1(2)) / (EXTEM(3) — MTEMP(2))
PIK31(I) = (LNP(I,1) = SET1(3)) 7/ (EXTEM(1) - MTEMP(3))
PIK32(I) = (LNP(I,2) = SET1(3)) / (EXTEM(2) = MTEMP(3))
PIK33(I) = (LNP(Ie3) = SET1(3)}) / (EXTEM(3) = MTEMP(3))
SET2(1) = 0.
IF (MTIME(Irl) .6GTe 0e¢) SET2(1)= COFF2(Xrsl) +COEF2(I,2)xMTEMP(1) +
1 COEF2(TI»3)AMTEMP (1) %*2
SET2(2) = 0.
IF (MTIME(I¢2) «GTe 0.) SET2(2)x= COEF2(Ie1) +COEF2(T1+2)*MTEMP(2) +
1 COEF2(I,3)+MTEMP (2) %*2
SET2(3) = 0.
IF (MTIME(I»3) +GTe 0.) SET2(3)= COEF2(1s1) +COEF2(Is2)*MTEMP(3) +
1 COFF2(To3)*MTEMP (3) %%2
SIGP11(I) = (SET2(1) = LNT(I»1)) / (EXTEM(1) - MTEMP(1)}
SIBP12(I) = (SFT2(1) ~ LNT(T+2)) 7/ (£XTEM(2) = MTEMP(1))
SIGP13(I) = (SFT2(1) = LNT(I»3)) / (cXTEM(3) = MTFMP(1))
"SIGP21(I) = (SFT2(2) = LNT(Is1)) / (EXTEM(1) = MTEMP(2))
SIGP22(I) = (SFT2(2) = LNT(I2)) / (EXTEM(2) = MTEMP(2))
SIGP23(1) = (SFT2(2) = LNT(I,3)) / (EXTEM(3) = MTFMP(2))
SIGP31(1) = (SFT2(3) = LNT(I«1)) / (£XTFM(1) = MTEMP(3))
SIGP32(1) = (SFT2(3) = LNT(I.2)) / (EXTEM(2) = MTFMP(3))
462 SIGP33(I) = (SET2(3) = LNT(I1.3)) / (cXTEM(3) = MTFMP(3))
WRITE (//,2050)
WRITE (Ae2051) PIK13, PIK21» PIK31,» PIK12, PIK22e¢ PIK32» PIK13,
1 PIK23» PIK33
WRITE (6,2052)S1I6P11¢SIGP21+SIGP31»SIGP12,SIGP22¢SIGP329SIGP13
1 SISP23:S51GP33
COMPUTE P TT AND TIMF TT TRaAMSFORMATIONS -~ SFLFCTOR
CHOOSES WHCIH TEMPFRATURE DATA IS TO bF TRANSFORMED TO
I1 =1
I2 = >
I3 =3
480 GO TO (500, 520, S40)» TEMSFEL
500 DO 510 I = 1.NTIMES
JJ = COUNT (1)
DO 502 K =1l»J1
IF (IFLAGI(I) .EQ. 1) GO TO 5N1
P1(Is1sK) = P(IeleK) * EXP (PIK11(I)*(FXTFM(1)=TEMP(1¢K)))
501 IF (IFLAG2(I) .FQ. 1) GO TO 502
T1(IedeK) = TIME(Te1sK) / (FXP (SIGPLA(T)*(EXTEM(1)= TEMP(1/,K))))
502 CONTINUE
DO 504 K =1.J2
IF (IFLAGL(I) .EQ. 1) GO TO 503
P2(Is1sK) = P(I1,2eK) * EXP (PIK21(I)*(EXTEM(1)~TEMP(2+K)))
503 IF (IFLAG2(I) .EQ. 1) GO TO 504
T2(IeleK) = TIME(I»2eK) / (FXP (SIGP21(T)*(EXTEM(1)~ TEMP(2+K))))
504 CONTINUE
NO 510 K =143
IF (IFLAGI(I) .EQ. 1) £0 TO 508
P3(Ted,K) = P(Te3+K) * EXP (PIKIL(I)*(FXTFM(1)=TEMP(3+K)}))
508 IF (IFLAG2(T) .EQ. 1) GO TO 510
T3(Is19K) = TIME(I»3»K) /7 (FXP (SIGP31(I)*(EXTEM(1)= TEMP(3¢K))))
510 CONTINUE
JSAVE = 1
G0 TO 58Y

520

DO 530 1 1/NTIMES



OO0

521
522

523

524

528

530

540

541
542

543
54y

548

550

580

620

JJ = COUNT(2)

DO 522 K = 1,J1

IF (IFLAG1(I) .E@. 1) GO TO 521

P1(Is2¢eK) = P(Is1sK) * EXP (PIK12{(I)*(EXTEM(2)=-TEMP(1¢:K)))

IF (IFLAG2(1) .EQ. 1) GO TO 522

T1(I+2+K) = TIME(I¢1sK) / (EXP (SIGP12(I)*(EXTEM(2)= TEMP(1+K)})))
CONTINUE

DO 524 K = 1,42

IF (IFLAG1I(I) .EQ. 1) GO TO 523

P2(I1+2+K) = P(I+2+:K) * EXP (PIK22(1)%(EXTEM(2)=TEMP(2+K)})})

IF (IFLAG2(I) .EQ. 1) GO TO 524

T2(Ie2eK) = TIME(Ir2+K) / (EXP (SIGP22(I)*(EXTEM(2)= TEMP(2+K))))
CONTINUE

DO 530 K =1l,J3

IF (IFLAG1(I) .EQ. 1) GO TO 528 B

P3(I+2+/K) = P(I+3+K) *x EXP (PIK32(I1)*(EXTEM(2)=TEMP(3+K)))

IF (IFLAG2(I) .EQ. 1) GO TO 530

T3(Is2,K) = TIME(I+3»K) /7 (EXP (SIGP32(I)*(EXTEM(2)~- TEMP(3rK))))
CONTINUE

JSAVE = 2

GO TO 580

DO 550 I = 1,NTIMES
JJ B COUNT(3)

DO 542 K = 1,J1

IF (IFLAGL(I) .EQ@. 1) GO TO 541

PLII+3+K) = P(Is1+K) * EXP (PIK13(I)*(EXTEM(3)=TEMP(1,K)))

IF (IFLAG2(I) .EQ. 1) GO TO 582

T1(I+3+/K) = TIME(Is1eK) 7/ (FXP (SEGP13(I)*(EXTEM(3)= TEMP(1sK))))
CONT INUE

00 S48 K =1,J2

IF (IFLAG1(I) .EQ. 1) GO TO 543

P2(Is3sK) = P(Ie2¢K) * EXP (PIK23(I)*(FXTEM(3)=TEMP(2sK)))

IF (IFLAG2(I) .EQ. 1) GO TO 544

T2(Ie3¢K) = TIME(Is2¢K) / (FXP (SIGP23(I)*(EXTEM(3)= TEMP(2¢K))}))
CONT INUE

DO 550 K .=1,J3

IF (IFLAG1(I) .EQ. 1) GO TO 548

P3(I+3+1K) = P(I¢3¢K) * EXP (PIK33(I)*(EXTEM(3)=TEMP(3¢Kk)}))

IF (IFLAG2(I) .EQ. 1) GO TO 550

T3(1s3+K) = TIME(I13eK) 7/ (FXP (SIGP33(I)*(EXTEM(3)= TEMP(3+K))))
CONTINUE

JSAVE = 3

60 TO 580

COMPUTE STATISTICS FOR PTT AND TIME TT

J = JSAVE
D0 640 I = 1.NTIMES
L=20
M =0
DO 620 K = 1.J1
L=L +1

=M+ 1

TENTRY(L)= P1(I,JrK)
TENT2(L) = T1(IedeK)
SET1(M ) = P1{(I,JsK)

SET4 (M) T1(IrJrK)
M=0 )

DO 625 K = 1rJ2
L=L+1

M=M=+ 1

83



625

630

o4l

TENTRY(L)= P2(1eJeK)
TENT2(L) = T2(IedeK)
SET2(M) = P2(IedrK)
SETH(M) .= T2(IrJeK)
M=

0O 630 K =
t = L +1

M =M+ 1
TENTRY(L)= P3(TeJeK)
TENT2(L) = T3(IedeK)
SET3(M) = P3(TeJeK)
SET6(M) = T3(I,JeK)
CALL. STATS (SET1. Ji1,
CALL STATS (SET2» J2¢
CALL STATS (SET3e J3»
CALL STATS (SET4, J1.
CALL STATS (SETSe J2»
CALL STATS (SET6» J3
CALL STATS (TENTRY!L»
CALL STATS (TENT2r Lo
IF (TEMSEL +GE.
TEMSEL = TEMSEL + 1
GO TO 480

1,J3

MPT1(XIsJ)o
MPT2(Is,J)
MPT3(TeJ)e
MTT1(I»J)
MTT2(Ted) s
MTT3(Isd) e
MPTT(Ivd)
MTTT(I,J)

NT) 60 TO 655

SUPT1(TI,J))
SuPT2(I.J))
SUPT3(TI,J))
SOTT1(T,J))
SUTT2(Ted))
SUTT3(I,J))
SUPTT(I,J))
SUTTT(IeJ))

C
C COMPUTF INTEGRALS OF P TRANSFORMFOD
C
655 DO 700 I = 1oNTIMES
LO 700 J = 1¢NT
L = 0
M =0
DO 660 K = 1eJ1
INTPT1 (IsdeK) = PL(IeJeK) * T1(IeJeK)
L =L +1
M =M+ 1
TENTRY (L) = INTPT1(I,JsK)
.060 SET1(M) = INTPT1(I»J.K)
M =0
DO 670 K = 1,42
L =L +1
M =M+ 1
INTPT2 (IedeK) = P2(IrdeK) *x T2(IsJeK)
TENTRY(L)= INTPT2(I»JsK)
670 SET2(M) = INTPT2(Ie¢JrK)
M = 0
10 680 K = 1,J3
L=L +1
M =M+ 1
INTPT3 (IedeK) = P3(IrJrK) * T3{(1rdek)
TENTRY(L)= INTPT3(I.JrK)
680 SET3(M) = INTPT3(IsJrK)
C
C COMPUTE STATS ON INTEGRALS OF P TRANSFORMED
C
CALL STATS (SET1e Jl» MINTI(Ied)y SDIMT1(IrJd))
CALL STATS (SET2e J2» MINT2(Ied) s SDIMT2(Ted))
CALL STATS (SET3e J3e MINT3(Ird)e SPIMNT3(I0J))
700 CALL STATS (TEHTRYesLe MINTT(Ied)» SNDINTT(T»d))
H75 U0 565 1 = 1.NTIMES
WRITE (602030) 1
WRITE (A22047)

TiCleleK)r T1(T 22K} Ti(Ie3¢K)»

K = 1,41)

WRITE (6e2080)X1e (MOTHO(19K)
1 BLAMNK ’



564

566

WRITE (602064) (MTT1(I»J)e J=1e4)r (SOTTL(IeJ)e J=1r4)

IF (NT «LE. 1) GO TO %61

WRITE (6+2040)1I2» (MOTNO(2»K)» T2(I919K)2» T2(I»2»K)r» T2(T123¢K)»
1 BLANK r K = 10J2)

WRITE (6,2064) (MTT2(IsJd)e J=1el4) e (SDTT2(Ivd) e Jd=1r4)

IF (NT +.LE. 2) GO TO 561

WRITE (6,2040)1I3s (MOTNO(3eK)e T3(1rdrK)e T3(Te2¢K)e T3(T93eK)»
1 RILANK r K = 1,J3)

WRITE (6:2064) (MTT3(IsJ)e J=1el)r (SDTT3(Ied)e J=1r4)

WRITE (602065) (MTTT(IeJ)s J=1rs8)r (SDTTT(IeJd)s J=iry4)

DO 562 J = 1sNT

CAIMIN(J) = MTTT(IsJ) = CTI%SDTTT(I,J)

CIMAX(J) = MTTT(I,Jd) + CTI%SDTTT(I»J)

C2MIN(J) = MTTT(I»J) — CT2xSDTTT(I»J)

C2MAX(J) = MTTT(I+J) + CT2*SDTTT(I»J)

WRITE (6¢2062) CIMINs C1MAX, C2MIN» C2MAX

CONT INUFE

DO 570 I = 1oNTIMES

WRITE (6,2031) 1

WRITE (602042)

WRITE (6,20u48)

WRITE (H6,2041)1I2, (MOTMOC1+K)» INTPTL(YI»leK)e INTPTL(Ir29K)»
1 INTPT1(Ie3¢K)r BLANKrs P1(Ts2eK)y PL1(I»2¢K)» PL{Ir3¢K)»
2 BLANKy K = 1,J1)

WRITE (A¢2066) (MINTL(Ied,r J =1rlde (MPT1(TeJ)» Jz1slt)y *
1 (SOINTLI(Ied)y J =19s8)s (SDPTL(IsJ)r J=1l9s4)

IF (NT «LE. 1) GO TO 56A4

WRITE (6+,20081)1I2¢ (MOTHO(2¢K) e INTPT2(IrieK)e INTPT2(I¢2+K)»
1 INTPT2(Is3rK)» BELANK? P2(Is1eK)r P2(1s2eK)e P2(I+350K) e
2 BLANK, K = 1,J2)

WRITE (A22066) (MINT2(Ted)r J =1el)e (MPT2(Isd)r J=1,l),

1 (SDINT2(Ted)e J =1e8)e (SDPT2(1eJ) e J=1r4)

IF (NT «LF. 2) GO TO 564

WRITE (6220041313, (MOTNO(3eK) e INTPTI(IrdrK)r INTPT3(Te2,K)»
1 INTPT3(I+3ek)» SLANKe P3(I01sK}s P3(Ie2/K)e P3(I23sK)»

2 BLANK, K = 1,J3)

WRITE (Ae2066) (MINT3(IeJ)e J =1s8)e (MPT3(TIsJd)r J=1,sl),

1 (SDINT3(I» D) J =1¢4)e (SDPT3(IvJ) e J=1eb)
WRITE (6:2067) (MINTT(IeJd)e J Z1e8)r (MPTT(IsJ)r J=1el),
1 (SODINTT(TIsd) e J =1,8) e (SDPTT(Isd)r J=1,4)
DO 566 J=1NT

CIMIN(J) MINTT(I,J) CTL4SDINTT(I»J)

CiMax(J) O MINTT(IsJ) + CTIxSPINTT(I,)
C2MIN(J) = MINTT(Ird) = CT2*SDINTT(I»J)
C2MAX(J) = MINTT(I»J) + CT2*SDINTT(I,J)
CITMN(J) = MPTT (Ir»dJd) =~ CTI*SOPTT (I.J)
C1ITMX(J) = MPTT (I.J) + CTIxSNPTT (I:J)
C2TMN(J) = MPTT (I,J) = CT2xSDPTT (I,J)
C2TMX(J) = MPTT (TeJ) + CT2%ASDPTT (I¢J)
wRITE (6r2068) CIMINs C1TMNe CiMaXe CI1TMX»
1 C2MINs C2TMNy C2MAXe (C2TMXK
570 CONTINUE
RETURN
END
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$IBFTC 6LS1

60

35

31

32

SUSRCUTINFE GLSI (AeXerILoNeMpALPHA pE19LE?)

LIMENSTION A(45e4)e X(4)e TL(Y) .
MM=M+1

LL=1

U0 60J=1,MM

IL{JU)=0

I=1

DO 3K=1,MM

II=I+1

DO 4J=II.N

IF (ARPS(A(JrK))I=E1)lU b6
TI=SORT((A(JIPK) ) *%24 (A(I oK) ) %%2)
S=A(JrK)/T1

C=A(I'K)/T1

DO SLZK»MM
T2=C*A(IsL)+S*kA(JrL)
A(JrL)==S*A(I L) +CxA(JrL)
AlTL)=T2

LL=LL+1

CONTINUE

IF (AFS{ACIIK))=E2)393+8
IL(K)=1

I=I+1

CONTINUE

X(MM)Z=~1.0

II=Mm

LO 35I=1,M

x(I)=0.

{0 30J=1,M

IF (IL(I1))30+30.31

5=0.

LL=TI+1

I=IL(IY)

DO 32Kz=LL oMM
S=SHA(T #K) X (K)
X(II})==S/A(1,11)

11=11-1

IF (IL(MM))S0+5150
ALPHA=0.

GO TO 52

I=IL (MM)

ALPHAZA (T pMM)

KETURN

END

Gl.snonei
olAnONe?2
LLSANNER
6LSAOAGY
cLsnnnpe
wlsnynoeea
Gl.SNuNe7
GLsAYree
eLsAnnpna
GLSauN1IN
6LSAUN11
GLSQgonN12
6LSQO013
GLSQON1Y
6LSQ0015
GLSQo016
GLSQ0017
GLSQ0018
6LSE0019
GLSG0020
6LsQon21
6LSeQ022
GLSQeQN23
GLsegoau
6LSQQ025
6LSR0026
GLSR0027
GLSe002R
6LSQRON20
6LS00030
6LSQA0N31
GLS60032
GLSQON33
GLSQON3Y
6LSe0N35
6LSQ0036
GLSQA0037
6LSQ003R
6LS6N039
6LSe0N40
6LsSRONYy Y
GLSa0Ny2
6LSe0NY3
6LSQ0044



SORIGIN ALPHA
$IBFTC MOT2

C
C

C

[aNaXe]

SUBROUTINE MOT2
SECOND LINK OF MOTORS PROGRAM

DIMENSION XX(4860)r 2Z(2124)
COMMON G» CPHIs» NTe» EXPAs COUNT» WPe WEBs ATTOTe AETOTe

1 Ps MOTNO» FVAC1l» NTIMESes XXr NTOT» NBURNe NFIRST» NP
COMMON CP1s CP2s CT1le CT2s» VECle VEC2» VEC3
COMMON SET1s SET2¢ SET3s SET4s SETSe SET6¢ SET7+ CIMINe CIMAX,

1 C2MINe C2MAXe C1TMN, C1TMXs» C2TMNs C2TMX

DIMENSION SAVE1(9e4915)s SAVE2(9»4+15) s SAVE3(9e415)

DIMENSION MFT11 (9s4)e SDFT11(9e4)s MIT11 (9el4)y SDITI1(9.4),
MFT21 (9,4)r SDFT21(9,4)r MIT21 (9e4)» -SDIT21(9s4) s MFT31 (99y4),
SOFT31(9,4)s MIT31 (9s4)s SDITIL(Ge4)s MFTTL (9el)e SOFTTL(9ru),
MITT1 (9,4)r SDITTL1(9e4)r MFT12 (9e4)» SDFT12(9e8) s MITL12 (9s4),
SDIT12(9,4)¢ MFT22 (9sl4)s SDFT22(9e4) s MIT22 (9ett)e SDIT22(9s4),
MFT32 (9e4)s SDFT32(9e4) s MIT32 (Qelt) e SDIT3I2(9e8)s MFTT2 (9el),
SOFTT2(9e4) s MITT2 (9elt)y SDITT2(9e4)

DIMENSION MIS11 (9s4), SDIS11(9s4)s MIS21 (8Bel)s SDISP21(94),

4 MIS31 (9e4) e SDIS31(9e84)e MIST1 (9e4) )y SDIST1(9rl4)e MIS12 (9e4),

5 SDIS12(9,4)s MIS22 (994)s SDIS22(9r4) e MIS32 (9rl4)e SDIS32(9r4),

6 MIST2 (9,4) SNDIST2(904)

[oxRE IR &5\ Vi g

DIMENSION
FT11 (9,4+15)e FT21 (9e4e15)e FT31 (9e84¢15)r FT12 (9¢4,15),
FT22 (Qelp15)r FT32 (9r4riS)
IT11 (994,15)e 1IT21 (Oel4e18)e IT31 (Oel4e15)r IT12 (9el4sl1S)e
IT22 (9e8y S)v IT32 (9e4e15)y
ISP11(9,4+15)r ISP21(9+4015)» ISP31(994¢15)» ISP12(9r4e15)
ISP22(9e4e15)e ISP32(9¢4,15)
DIMENSION RATIOL(Os4,15)» RATIO2(9+4¢15)» RATIO3(9r4,15)
DIMENSION WP1 (9e4915)r WP2 (9+4s15) s WP3 (9s4,15)

ONOFE N

VARIARLES OBTAINEDN FROM CHAIN 1

DIMENSION P1 (9rlte15)» P2 (9r4915) e P3 (9elhelR)
1 EXPa(a), P (9el4e15)e FVACL (994015)

2 AETOT(4»,15) INTPT1(9:4015)» INTPT2(904¢15)
BATTOT(4,15) » INTPT3(Qe4915)e T1 (9rl4s15)e T2 (Sel4¢15)

4 T3 (994+15)s WP (4915)e VEC1(4915)e VEC2 (4+15)e VFEC3(4,15)
DIMENSION CIMIN(4)e CIMAX(4), C2MIN(4)» C2MAX(4)
ULIMENSION SET1 (45)es SET2 (45)s SET3 (45)» SETU (45)9 SFTS5 (45)
1 SET6 (45 )e TENT2(60)r MWPL(9:4) s MwP2(9r4)e MWP3(9e4)e
2 SNWPL(9s4)r SPWP2(9e4)» SDWP3(9e4) e TENTRY(6D)
3 MOTNO(4+15)» COUNT(4)» MWPT(Oel4) s SLUWPT(994)e WER(U,15)

REAL MFT11 » MIT11 » MFT21 » MITZ1 o MFT31 » MIT3) » MFTT1
1 MITT1 » MFT12 » MIT12 » MFT22 » MIT22 » MFT32 » MIT32 » MFTT? o
2 IT11 » MOTNO ¢ MWP1 » MWP2 o+ MWP3 » MWPT
4 MITT2 » MIS11 » MIS21 » MIS31 » MIST1 » MIS12 » MIS22 » MIS3?
7 MIST2 » IT21 » IT31 » IT12 » IT22 » IT32 » ISP11 »

9 ISP21 » ISP31 » ISP12 » ISP22 » ISP32 » INTPTL1l» INTPT2s INTPT3

INTEGER COUNT

EQUIVALENCE
1 (XX( 1) - FP1(1)r WPL(1))

2 (XX(0 541), P2(1)e WP2(1))
3 (XX(1081)» P3(1)e WP3(1))
4 (XX(1621),.T1(1)» IT11(1)s ITI2(1)» ISP11(1)s ISP12(1)).



a0

S (XX(2161)s T2(1)e IT21(1)e IT22(1)e ISP21(1)s ISP22(1)).
6 (XX(2701)r T3(1)e IT31(1)s IT32(1)e ISP31(1)y ISP32(1)).
7 (XX(3241), INTPT1(1)).»
8 (XX(3781)» INTPT2(1))
9 (XX(4321) INTPT3(1))
EQUIVALENCE
1 (zz¢ 1)e MFT11(1)s» MFT12{(1)y, MFT13(1)e MFTi4(1)y MWP1l (1)),
2 (ZZC 37)e MFT21(1)» MFT22(1)y MFT23(1)s MFT24(1)e MWP2 (1)),
3 (ZZC 73)e MFT31(1)0» MFT32(1)s MFT33(1)e MFT34(1)s MWP3 (1))
4 (2Z( 109)s MIT11(1)s MIT12(1)s MIS11(1)es MIS12(1))e
S (Z2Z( 145), MIT21(1), MIT22(1)s MIS21(1)s MIS22(1))
6 (ZZ( 181)s MIT31(1),» MIT32(1), MIS31(1)s MIS32(1))
EQUIVALENCE
1 (ZZ( 217)e SNFTIL(1)eSNDFTI2(1),SUFTI3(1)»SDFTLU(1) s SDWPL (1)),
2 (ZZ( 253) s SDFT21(1)eSDFT22(1),SUFT23(1)+SDFT24(1) s SPWP2 (1))
3 (2Z( 289)r SDFT31(1)eSOFT32(1),SOFT33(1)sSDFT34(1)» SDWP3 (1))
4 (2Z( 325)s SDIT11(1)» SNIT12(1), SDIS11(1)s SUISI2(1))»
5 (ZZ( 361)» SDIT21(1)» SDIT22(1), SDIS21(1)e SDIS22(1))e
6 (2Z( 397)y SNDIT31(1)s SDIT32(1), SDIS31(1)e SOIS32(1))
EQUIVALENCE _
1 (ZZ€ 433)s MFTT1(1)» MFTT2(1))y» MFTT3{1)e MFTTU(1)),
2 (ZZ( 469) »SDFTTL(1) »SOFTT2(1) »SDFTT3(1) ¢SDFTTL(1) ),
3 (ZZ( 505). FT11(1)» FT12(1)r FT13(1)» FT14(1))
4 (Z2Z(1045), FT21(1)» FT22(1)e FT23(1)» FT24(1)),
5 (2Z(1585) FT31(1)s FT32(1)s FT33(1)» FT34(1))
OUTPUT FORMATS
2014 FORMAT ( 3u4Xs SH PA = F5.2)
2032 FORMAT (1H1le 30X, 20H TRANSFORMEU THRUST / 9H TIME NO.12)
2033 FORMAT (1H1s 30Xs 20H TRANSFORMED IMPULSE/ 9H TIME NO.I2)
2034 FORMAT (1H1, 30X, 30H TRANSFORMEU SPECIFIC IMPULSE /9H TIME NO.12)
2037 FORMAT (1H1r 30X, 28H TRANSFORMEy PROPELLANT WTe / 9H TIMF NO.I2)
2041 FORMAT (11HOTEMP GROUP 12 // (1XsA6r 19Xs 4F12.2))
2047 FORMAT ( 30X» 434 TEMP1 TEMP2 TEMP3 TEMPY4 /
1 10H MOTOR NO.)
2062 FORMAT (34HOCONFIDENCE ON NORMAL DISTRIBUTION /
1 26H (ONE MIN 4F12.2 /
2 26H SINED  MAX Yri12.2 /7
3 26H (Two MIN 4ri2.2 /
[ 26H SINED MAX 4F12.2 )
2064 FORMAT (26HOMEAN 4F12.2 /
1 26H STANDARD DEV. 4F12.2 )
2065 FORMAT (26HOTOTAL MEAN 4r12.2 /
1 26H TOTAL STANDARD DEV. 4r12.2 )
I1 =1
I2 =2
13 =3
HLANK = 0.
J1 = COUNTI(1)
J2 = COUNT(2)
J3 = COUNTI(3)
U0 696 1 = 1,504
696 2Z2(I) = 0.
CIMIN(4) = 0.
C1MAX(4) = Q.
CoMIN (4) = 0.
C2MAX (4) = n,
LO 701 J = 1«NT
DO 697 K = 1,»J1

697 VEC1(JrK) B T1(N3URN»JrK)



[a N s Nele]

[aNeXe]

698

699
701

705

708

710

752

DO 698 K = 1,J2

VEC2(JrK) = T2(NBURN»JeK)
DO 699 K = 1,»J3
VEC3(JeK) = TI(NBURNeJIK)
CONTINUE

COMPUTE THRUST» IMPULSE AND THEIR STATISTICS FOR P1

DO 752 1 = 1/NTIMES
D0 752 J = 1oNT

L =0

M =0

DO 705 K = 1,J1
L=L +1
M=M+1

RATIOL(TrdrK) = PLUIsJeK) / P (I¢14K)

FT11(1,JrK) = RATIOL(I»JrK)*FVACL(I91+K)=EXPA(1)*ALTOT(1+K)*CPHI
ITIL(TsJeK) = FTIL(IvJeK) * T1(IrJsK)

TENTRY{(L)= FT11(IrJdsK)

TENT2(L) = IT11(IrdeK)

SET1 (M) = FT11(IrJeK)

SETY (M) IT1I1(1eJyK)
M =0

DO 708 K = 1,J2

L =L +1

M=M+ 1

RATIO2(TI¢JrK) = FP2(IsJrK) / P (1+2:K)

FT21(IsJrK) = RATIO2(I¢JrKIXFVACL(Ls2¢K)~EXPA(1)*AETOT(2,K)*CPHI
IT21(IsJeK) = FT21(IsJrK) * T2(IeJsK)

TENTRY{L)= FT21(IeJdeK)

TENT2(L) = IT21(1sJdeK)

SET2 (M) = FT21(1¢JsK)

SETS (M) IT21(I»JeK)
M=

DO 710 K = 1,J3

L =L +1

M=M=+ 1

RATIO3(IeJeK) = P3(IeJeK) /7 P (T93+K)
FT31(IsJeK) = RATIOZ(TIrJoK)I*FVACL(193¢K)=EXPA(L)*AETOT(3,K)*CPHI
IT31(TrJeK) = FT31(IeJrK) * TAI(IrJeK)
TENTRY(L)= FT31(IrdrK)

TENT2(L) = IT31(I1sJsK)

SET3 (M) = FT31(1IrJeK)

SET6 (M) = IT31(IsJdsK)

CALL STATS (SET1» J1» MFT11(IsJd)r SDFT11(I,J))
CALL STATS (SET4r Jilr MIT11(IeJ)r SDIT11(I.J))
CALL STATS (SET2e J2¢ MFT21(IeJ)r SDFT21(I0J))
CALL STATS (SETS» J2¢ MIT21(Ied)s SDIT21(1I,J))
CALL STATS (SET3e J3» MFT31(IvJ)e SDFT32(I.J))
CALL STATS (SET6e J3e MIT31(I,J)e SDIT31(IsJ))
CALL STATS (TENTRYsLe MFTT1(IsJ)» SDFTTL(I»J))
CALL STATS (TENT2 »Le MITT1(Ied)» SDITT1(I»J))
CONTINUE

PRINT THRUST. IMPULSE AND STATS FOR Pl

DO 1710 I = 1.NTIMES

WRITE (602032) I

WRITE (6¢2014) EXPA(L)

WRITE (602047)

WRITE (6¢2041) I1¢ (MOTNO(I1sK)e» FTL11(IelrK)r FTLL(I120K)»



[sNeNeKe]

1 FT11(XI»39K)» RLANK, K=1eJ1)
WRITE (6+2064) (MFT11(Isd)» J = 1e4)y (SUFTI1(Ivd)e J = 1r4)
IF (NT «LE. 1) GO TO 1708
WRITE (6¢20u81) I2s (MOTNO(IZ2eK)e» FT21(Is1sK)e FT21(I92sK)e
FT21(XI,3¢K)» BLANK, K=10J2)
WRITE (6¢20648) (MFT21(Ie¢d)e J = 1el4)y (SUFT21(Ied) e J = 104)
IF (NT +.LE. 2) GO TO 1708 .
WRITE (6,2041) I3» (MOTNO(I3sK)e FT31(IeieK)y FT31(I¢2¢K)»
1 . FT31(I»3¢K)e RBLANK» K=1¢J3)
WRITE (6¢2064) (MFT31(Ied)e J = 10e4)e (SOFT31(Ied)r J = 104)
1708 WRITE (6¢2065) (MFTT1(Ied)e J = 1e4)y (SUFTTI(IvJd)r J = 194)
D0 1709 J = 1.NT
CIMIN(J)Y = MFTT1(IeJ) = CTI%SDFTTI(TI,J)
CIMAX{(J) = MFTT1(IeJd) + CTIXSDFTTI(I,J)
C2MIN(J) = MFTT1(IeJd) =~ CT2*SNFTT1(TI,J)
1709 C2MAX(J) = MFTT1(I,J) + CT2*SDFTT1(TI,J)
WRITE (6¢2062) C1MIN» CIMAX» C2MIM, (C2MAX
1710 CONTINUE
DO 1712 I = 1,NTIMES
WRITE (6,2033) 1
WRITE (602014) EXPA(1)
WRITE (602047)
WRITE (6,2041) T1le (MOTNO(IleK)e IT11(IelrK)e IT11(TI,2¢K)»
1 ITELI(Ts3eK)» RLANK: K=1rJ1)
WRITE (/:2064) (MIT11(IsJ)r J = 1e84), (SUIT11(Ied)r J = 194)
IF (NT .LF. 1) GO TO 1707
WRITE (6¢2041) 12» (MOTNO(I2¢K)» IT21(IrirK)e IT21(1s2eK)»
1 IT21(I+3¢K)» BI.LANKy» K=1»,.2)
WRITE (602064) (MIT21(Ied)e J = 1e4)e (SDIT21(1sJ)r J = 194)
IF (NT +LE. 2) GO TO 1707
WRITE (6,2041) I3, (MOTNO(I3eK)e IT31(IeleK)r» IT31(I,2eK)»
IT31(I+s3eK) e BLANK, K=1»J3)
1e4)» (SDIT31(Ied)s J = 104)

1
WRITE (fe2064) (MIT31(Ierd)» J =
1e4)y (SLITT1(Ied)s J = 1r4)

1707 WRITE (6:2065) (MITT1(IeJ)» J
DO 1711 J = 1.MT

CIMIN(J) = MITT1(IsJ) = CTIXSDITTI(IJ)
CIMAX(J) = MITTI(I,J) + CTIxSDITTI(I,J)
C2MIN(JY) = MITT1(I,J) = CT2*SDITT1(IJ)
1711 C2MaX(J) = MITT1(I,J) + CT2%SDITT1(I»J)
WRITE (6,2062) CIMIN,» C1IMAX» C2MINs C2MAX

1712 CONTINUE

COMPUTE TRANSFORMEP PROPELLANT WwFIGHT» SPECIFIC IMPULSE
FOR P1 AND THEIR STATISTICS

LO 882 1 = 1/NTIMES
DO 882 J = 1#NT

L =0

M= 0

DO 804 K = 1»J1
L=L + 1

M =M+ 1

WPL(IeJeK) = WP(1sK) * INTPTL(IedeK) /7 INTPTLI(NTOTeJrK)
ISPL1(IsJrK) = IT11(IrJ9eK) 7/ WPI(IrJsK)
SAVEL(TIrJdeK) = ISP11(IsJeK)
TENT2(L) = ISP11(IsJeK)
TENTRY(L)=WP1(TrJrK)
SETH (M) = WPL(IerJeK)
504 SET1 (M) = ISPI1(IsJdeK)
Moo= 0 .
B0 806 K = 1,J2
L =L +1



- smempa,
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M= M#+1 , :
WP2(IsUsK) = WP(2¢K) & INTPT2(1sJsK)./ INTPT2(NTOTsJrK)
ISP21(ToJsK) = IT21(LeJdsK) / WP2{IeJeK)
SAVE2(I+JeK) = ISP21(IrJeK) o
TENT2(L) = ISP21(IsJeK)
TENTRY/(L)ZWP2 (T rJsK) L R .
SETS(M) = WP2(IsJeK)

806 SET2 (M) = ISP21(IeJeK)

M=0

00 808 K = 1.J3
L=L +1
MEM+ 1

WP3(IrJrK) = WP(3eK) x INTPT3(IrJdeK) /7 INTPTI(NTOTsJeK)
ISP31(I1eJdsK) = IT31(IrJrK) ./ . WP3(I+JsK) ’ '
SAVE3(IeJeK) = ISP31(I+JeK)
TENT24L) = ISP31(I:J¢K)
TENTRY (L) =WP3(I,JeK)
. _.SET6(M) = WP3(IeJrK)
808 SET3 (M) = ISP31(IrJrK)
CALL STATS (SET1, J1,» MIS11(1Ie.Jd)» SDIS114(1I.J))
CALL STATS (SET2» J2¢ MIS21(Iv¢J)e SDIS21(Ied))

. CALL STATS (SET3» J3r» MIS31(I:J)s SDIS31(1,J))
CALL STATS (SET4, J1» MWP1{(I»J)» SDWPL(I,»J))

. CALL STATS (SET5: J2» MWP2(1,J)r SDWP2{I»J})
CALL STATS (SET6¢ J3» MWP3(IsJ)e SDWP3(IeJ))
CALL STATS (TENT2, Ls MIST1(IsJ)s SDISTL(IJ))
CALL STATS (TENTRYsL» MWPT(I»J)e SOWPT(I,J))

882 CONTINUE

PRINT PROPELLANT WT. ANL SPECIFIC IMPULSE FOR P1

DO 812 1 = 1,NTIMES

WRITE (6,2037) 1

WRITE {6:,2047)

WRITE (6,2041) I1ls, (MOTNO(I1,K)» WPLiIr1eK)e WPL(I+2,K)o»
1 WP1(Xs3:K)e BLANKy K = 1»J1)
WRITE (6,2064) (MWPL1(IeJd)r J=1ett)e (SDWP1(IsJ)e J=1r4)

IF (NT .LE. 1) GO TO 810

WRITE (602041) I2s (MOTNO(I2eK)» WP2(XI»1¢K)e WP2(I+2¢K)o»
1 . WP2(I1:3¢/K)» BLANKe K = 1,J2)
WRITE (6+2064) (MWP2(IsJ)e J=1elt) e (SDWP2(1eJd)e J=1e4)

IF (NT .LE. 2) GO TO 810 .

WRITE (6+2041) I3¢ (MOTNO(I3rK)e WPI(IrlrK)e WP3I(Ir2,K)»
1 WP3(1¢3eK)» BLANKy K = 1,J3)
WRITE (6¢2064) (MWP3(IesJ)e J=1e8)e (SDWP3(IeJ)e J=1r4)

810 WRITE (602065) (MWPT(IeJ)e J=104)¢ (SDWPT(IrJd)e J=1r4)
DO 811 J = 1,NT

CIMIN(J) = MWPT(IvJ) = CT1%SDOWPT(I,J)
CIMAX(J) = MWPT(I»J) + CT1%SDWPT(I.J)
C2MIN(J) = MWPT(I»J) = CT2*SDWPT(I.J)

811 C2MAX(J) = MWPT(Ie+J) + CT24SDWPT(I,J)
WRITE (60,2062) CIMINs, CIMAXs» C2MINs» C2MAX
812 CONTINUE
DO 1775 1 = 1.NTIMES
WRITE (602034) 1
WRITE (6,2014) EXPA(1)
WRITE (6.2047)
WRITE (692041)I1,(MOTNO(I1eK)er ISP11(I»1¢K)¢ ISP11(I,2+K)»
1 . ISP11(X»3+sK)» BLANK, K=10J1)
WRITE (6:2064) (MIS11(Ir+J)e J=1e4)s (SDIS11(I0J)e J=1r4)
IF (NT .LE. 1) GO TO 1773
WRITE (60,2041)12, (MOTNO(I2,K)s ISP21(Ie1sK)e ISP21(I+2:K)¢

91




92

OO0

1773

1774

1775

712

715

718

ISP21(1+,3:K)» BLANKy K = 1,J2)

1
WRITE (602064) (MIS21(IsJ)s J=1e4) e (SDIS21(IsJ)s J=1r4)

IF (NT +LE. 2) GO TO 1773

WRITE (602041)1I3y (MOTNO(I3rK)r ISP31(I»1sK)e ISP31(Ie2eK)o
ISP31(I+s3¢eK)e BLANKy K = 10,J3)

WRITE (6:2064) (MIS3L1(Ie)e J=1e4)s (SDIS31(Isd)r J=1,4)

WRITE (6:2065) (MIST1(Ied)e J=1r4)s (SDISTi(IrJ)e J=1r4)

DO 1774 J = 1oNT

CIMIN(J) = MIST1(I.J) = CT1%SDISTI(I.J)

CIMAX(J) = MIST1(I,J) + CT1%SDIST1(I.J)

C2MIN(J) = MIST1(I,Jd) = CT2%SDIST1(I,J)

C2MAX (J) = MIST1(I,J) + CT2%SDIST1(I,J)

WRITE (6¢2062) CIMINe CIMAX» C2MIN, C2MAX

CONTINUF

IF (NP .LE. 1) GO TO 835

COMPIITE THRUST AND IMPULSE FOR P2 AND THEIR STATISTICS
U0 1785 N = 2+ NP

DO 767 I O 1oNTIMES
DO 767 J = 1NT

L=0

M =0

DO 712 K = 1.J1
L=L+1

M =M+ 1

SAVE = FT11(I,JeK)

FT12(IsJeK) = RATIOL(I»JeK)I*FVACI(Ir»1rK)=FXPA(N)*AETOT(1+K)%*CPHI
IT12(I+sJrK) = SAVEL(I»JrKIXWPL(TeJrK)*FTL12(IrJeK) / SAVF
TENTRY(L)= FT12(IsJeK)

TENT2(L) = IT12(I+JrK)

SET1 (M) = FT12(I¢JsK)
SETY4 (M) = IT12(I1sJeK)
M =0

LO 715 K = 1.J2
L=L+1

M =M+ 1

SAVE = FT21(1sJsK)

FT22(TeJrK) = RATIO2 (12 JeK)I*FVACL(192sK)-EXPA(N)*®AETOT(2¢K)*CPHI
IT22(IvJrK) = SAVE2(IrJrKI*WP2(IsJsK)XFT22(12JsK) / SAVF
TENTRY(L)= FT22(1,JrK)

TENT2(L)Y = IT22(L:JeK)

SET2 (MY = FT22(1evJdeK)

SETS (M) = IT22(1e¢JrK)

M =0

DO 718 K = 1¢J3
L=L +1

ME=M 4+

SAVE = FT31(I¢JeK)

FT32(IsJeK) = RATIO3Z(I»JyK)*FVACL(I103¢K)=FEXPA(N)*AETOT(3,K)*CPHI
IT32(IeJdrK) = SAVEZ(IeJrK)*WP3(TrJrK)*FTI2(TrJsK) / SPAVE
TENTRY(L)= FT32(1sJsK)

TENT2(L) = IT32(IsJdsK)

SET3 (M) = FT32(I1+JrK)

SET6 (M) = IT32(1rJdsK)

CALL STATS (SET1e Jlv» MFT12(IsJ)» SDFT12(I¢d))

CALL STATS (SETu4» J1» MITI2(Ied)s SNIT12(10J))

CALL STATS (SET2e¢ J2» MFT22(I¢d)» SDFT22(1,J))

CALL STATS (SETH» J2» MIT22(IJ)e SN1IT22(1ed))

CALL STATS (SET3r J3» MFT32(IeJd)e SDFT32(I0»J))

CALL STATS (SETae J3r MIT32(Ied)r SDIT32(TeJ))

CALL STATS (TENTRYeL» MFTT2(I+J)s SDFTT2(Isd))




N e

CALL STATS (TEMT2 sLe MITT2(Ied)» SNITT2(I»d))
767 CONTINUE

(s Nelg]

PRINT THRUST» IMPULSE AND STATS FOR P2

DO 1718 I = 1/NTIMES

wRITE
WRITE
WRITE
WRITE
1
WRITE

IF (NT

WRITE
1
WRITE

IF (NT

WRITE

1

WRITE
1716 WRITE

(602032)
(602014)
(6e2047)
(6,2041)

(6,2064)
LEL 1)
(6e2041)

(6r2064)
LF. 2)
(6,2041)

(602064)
(602065}

X
EXPA (N)

Il1e (MOTNO(I1rK)» FT12(IvleK)s FT12(Is2+K)»
FT12(Is3sK) e BLANK, K=1eJ1)

(MFT12(Ied) s J = 104) e (SOFT12(IeJd)e J = 1r4)

GO TO 1716

I2s (MOTNO(I2sK)» FT22(IrleK)e FT22(Xe2+K)»
FT22(Is3eK)» BLANK» K=10J2)

(MFT22(Ied)e J = 104) s (SUFT22(1IeJd)r J = 1r4)

60 TO 1716

I3» (MOTNO(I3ZsK)e FT32(IeleK)e FT32(I92¢K)»
FT32(1¢3sK)» BLANK, K=1rJ3)

(MFT32(Isd)y J = 194)y (SUFT32(Ivd)e J = 154)

(MFTT2(TIed)e J = 1e4)e (SCFTT2(1ed)e J = 194)

DO 1717 J = 1NT

CIMIN(J) =
CIMAX(J) = MFTT2(I,J)

C2MIN(J) METT2(T,J)

METT2(T»J)

CTIxSNDFTT2 (I
CTI*SOFTT2(Ied)
CT2*SDFTT2(1J)

i
1717 C2MAX(J) = MFTT2(I,J) + CT24SDFTT2(I,4)
C

WRITE

(602062)

1718 CONTINUE
DO 1720 I = 1.NTIMES

WRITE
WRITH
WRITE
WRITE
1
WRITE

IF (NT

WRITE
1
WRITE
IF (NT
WRITE
1
WRITE
1715 wWRITE

(6,2033)
(hr2014)
(hr2047)
(Ae204l)

(6r2064)
LE. 1)
(6r2041)

(6rP0AY)
LE. 2)
(6r2041)

(6er2064)
(6r2065)

CIMIN, CIMAXe» C2MIN, CPMAX

1
EXPA(N)

I1er (MOTNOCITeK)e IT1Z(TeileK)» IT12(Ts2eK)»
IT12(I¢3rK) e RLANK, K=1rJ1)
(MIT12(Ted) e J = 1e4)y (SUIT1I2(ieJd)r J = 1e4)
GO TO 1715
I2¢ (MOTNO(IPeK)e IT22(TeleK)r LIT22(Te2eK)o
1T22(T¢3¢K)r BLANK,y K=1r,J?)
(MIT22(TIed)e J = 1o4)y (SLIT22(1eJ)r U = 104)
60 TO 1715
T3r (MOTNO(T3sK)» IT32(TIr1eK)e IT32(I92sK)
IT32(1+3¢K)e RLANK» K=1,J3)
1e4)y (SDIT32(Ied)y J = 1e4)
1ed4)y (SLITT2(Led) e U = 10y4)

(MIT32(TIrJ)e J
(MITT2(IeJd)y J

DO 1719 J = 1«NT

CIMIN(J)

C2MIN(J)

MITT2(I»J) = CTLI*SDITT2(I,»J)
MITT2(Ird) = CT2*SDITT2(1,)

C1IMAX (J) = MITT2(IsJd) + CTLIXSDITT2(IeJ)

1719 C2MAX(J) = MITT2(I.J) + CT2%SDITT2(I»J)
WRITE (6.,2062) CIMINs, CIMAX, C2MIN» C2MAX
1720 CONTINUF

OO0

Lo 897

DO 897
4]

T=Er
i

'0 181

-

2
nu

0
8
L
M
IsP12¢

COMPUTE SPECIFIC IMPULSE ANUL IS STATISTICS FOR P2

I = 1/NTIMES
J = 1»NT
0K = 1,J1
+ 1
+ 1
IedeK) = IT12(LrdeK) 7/ WPL(IeJeK)

93



a0

1810

813

814

897

1778

1779
1780

1785
835

SAVEL1(TeJrK) = ISPI2(TeJeK)
TENT2(L) = ISP12(IsJsK)

SET1 (M) = ISPI2(TIrJeK)
M =0

DO 813 K = 1,J2

L=L +1

M=M+ 1

ISP22(TedeK) = IT22(IvJeK) / WP2(Ir»JsrK)
SAVE2(IeJeK) = ISP22(1+sJsK)
TENT2(L) = ISP22(IrJrK)

SET2 (M) = ISP22(1eJeK)
M =0

0O 814 K = 1,J3

L =L +1

MM+ 1

ISP32(TsJeK) = IT3I2(IrJdeK) /7 WP3(IsJeK)
SAVE3(IeJeK) = ISP32(1+J:K)

TENT2(L) = ISP32(IeJeK)

SET3 (M) = ISP32(1edeK)

CALL STATS (SET1, Jl» MIS12(I,Jd)» SD1IS12(1,J))
CALL STATS (SET2» J2r MIS22(IeJ)s SNISP2(IrJ))
CALL STATS (SET3e J3e MIS32(IeJ)e SD1IS32(Ied))
CALL STATS (TEHNTZ» L MIST2(Ied) e SDIST2(IeJ))
CONTINUE

PRIIIT SPECIFIC IMPULSE FOR P2

DO 1780 I = 1,NTIMES

WRITE (6,2034) 1

WRITE (6,2014) EXPA(N)

WRITE (602047)

WRITE (6¢20451)T11s(MOTNO(IL1sK) s ISPLI2(Is1sK)e ISP12(192iK)»
1 ISP12(TI+3¢K)e RLANK, K = 1,J1)
WRITE (6¢2064) (MIS12(IsJ)s J=1s4)» (SDIS12(Ied)e J=1s4)

IF (NT .LE. 1) 60 TO 1778

WRITE (6,2041)12, (MOTNO(I2+K) e ISP22(Te1sK)» ISP22(Is2sK)»

ISP22(Te3sK)r RLANK) K = 1,J2)

WRITE (602064) (MIS22(I¢J)s J=1sl4)e (SNIS22(Ied)r J=1e4)

IF (NT .LF. 2) GO TO 1778

WRITE (6+2041)I3, (MOTNO{I3rK) e ISP32(Is1eK)r ISP32(I+24K)s

1 ISP32(T93¢K)e RLANKY K = 1¢J3)
WRITE (6+2064) (MIS32(Ied)r J=2e4) s (SNIS32(Ted)r J=1v4)
WRITE (6+2065) (MIST2(IsJ)s J=194)y (SDIST2(Ied)r J=1r4)

DO 1779 J = 1¢NT

CIMIN(J) = MIST2(IsJ) = CTI%SDIST2(T1,J)
CIMAX(J) = MIST2(IsJ) + CTLI*SNIST2(TI.J)
C2MIN(J) = MIST2(Ird) = CT2*SDIST2(IrJ)

C2MAX(J) = MIST2(Ted) + CT2xSDIST2(I,J)
WRITE (6¢2062) CIMIN,» CIMAX, C2MIN, C2MAX
CONTINUE

IF (NP .LF. 2) GO TO 835

CONTINUE

CONTINUE

RETURN

ENO
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sIBFTC MOT3
SUBROUTINE MOT3
DIMENSION XX (4860)
COMMON Ges CPHI» NT» EXPAy COUNTes WPe WEB» ATTOTe AETOT.

1 Ps MOTNOs FVAC1s NTIMES: XXe NTOTe NBURNs NFIRST» NP
COMMON CP1» CP2» CT1is, CT2e VEC1ls» VEC2s VEC3
DIMENSION wP1 (9¢4+15)» WP2 (9¢4+15) s WP3 (9e4015)
DIMENSION CST1 (9,4+15)» CST2 (9r4915)e CST3 (9e4e15),
1 FVAC1 (9el4e1S)e INTPT1(9e4+15)y INTPT2(9+4+15)s INTPT3(9s4015)
2P (9¢4015)» ATTOT (4015)» AETOT (4015)s WP (4015),
3 WEB (4015), VEC1 (4+15)e VEC2 A4r15)r VEC3 . (4e15)»
4 R1 (4915) ¢ R2 (4015)s R3 (4015)» MOTNO (4015)

DIMENSION EXPA ( 4)s CIMIN(G4)e CIMAX(U4)» C2MINC 4)s C2MAX{ &)
1 CITMN ( 4)s CITMX ( 4)» C2TMN(4)e C2TMX(4)» SET1 (15)s SET2 (15).»
2 SET3 (15)s TENTRY(60)» TENT2(60)eMR1 ( 4)» MR2 (- 4)¢ MR3 ( 4),
3 MRT ( 4)y SDR1 ( 4)e SDR2 ( 4)v SDR3( 4)¢ SDRT ( 4)s COUNT(H)
DIMENSION MCST1 (Q9su)s MCST2(9r4) s MCST3(994)s MCSTT(Ss4)p

SDLSTL (994)2SDCST2(994) »SDCSTI(994) »SDCSTT (90 44)
EQUIVALENCE

(XX ( 1)r WP1(1)» CST1(1))»

(XX( 541)» WP2(1)e CST2(1))»

(XX(1081)» WP3(1)s CST3(1))e

(XX(3281), INTPT1(1)),

(XX(3781), INTPT2(1)),

(XX(4321)» INTPT3(1))

REAL
1 MRT » MCST1 » MCST2 » MCST3 » MCSTT » MR1 r MR2 ¢+ MR3 ’
2 MOTNOs» INTPT1r INTPT2, INTPT3
INTEGER COUNT
C OUTPUT FORMATS
2035 FORMAT (1H1» 30Xe 36H TRANSFORMED CHARACTERISTIC VELOCITY /
1 9H TIME NO.I2)
2036 FORMAT (1H1,» 30Xr 36H TRANSFORMED CHARACTERISTIC VELOCITY,» 14X,
1 33H TRANSFORMEL AVERAGE BURNING RATE /
2 9H TIME NO.I2s 70Xr 18H BASED ON WEB TIME )
2040 FORMAT (11HOTEMP GROUP I2 // (1XeA6r 19Xs 4F1N.2¢ 10X» 4F10.4))
2041 FORMAT (11HOTEMP GROUP I2 // (1X»A6s 19Xs 4F10.2))

[

CDMFUNE

2047 FORMAT ( 29X, 36H TEMP1 TEMP2 TEMP3 TEMPY  /
1 10H MOTOR NO.)

2048 FORMAT ( 29Xe 36H TEMP) TEMP2 TEMP3 TEMPY 217X
1 36H TEMP1 TEMP2 TEMP3 TEMPY /
2 104 MOTOR NO.)

2062 FORMAT (34HOCONFIDENCE ON NORMAL DISTRIBUTION /
1 26H (ONE MIN 4F10.2/
2 26H SIDED MAX 4F10.2 //
3 26H (TwWO MIN 4F10.2 /
4 26H SIDED MAX 4F10.2 ) .

2064 FORMAT (26HDMEAN 4F10.2 /
1 26H STANDARN DEV. 4F10.2)

2065 FORMAT (26HOTOTAL MEAN 4F10.2 /
1 26H TOTAL STANDARD DEV. 4F10.2 )

2066 FORMAT (26HOMEAN
1 26éH STANDARD DEV.

2067 FORMAT (26HOTOTAL MEAN
1 26H TOTAL STANDARD DEVe.

2068 FORMAT (34HOCONF IDENCE

26H (ONE MIN
26H SIDED) MAX
26H (TwO MIN
26H SINED) "MAX

F 0N

4F10.2¢ 10Xe UF10.4 /
4F10¢2¢ 10X» 4F10e4_)

4F10.2r 10X+ GFL0M of
4F10.2¢ 10Xr 4F10e4 )

ON NORMAL DISTRIBUTION /

4F10.2,10Xs4F10.47
4F10.2010Xs4F10.4 #¥
4F10.2,10Xs4F10.8 .7
4F10.2¢10Xs4F 104 )
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[aXaNal

[eNeXe]

1010

1015

1020

1055

950

955

Inn=1
2 =2
13 =3
J1 = COUNT(1)
J2 = COUNT(2)
J3 = COUNT(3)

SDR1(4) = 0.
MCSTT(5:4) = 0.
BLANK = 0.

COMPUTE R TRANSFORMED AND ITS STATISTICS

DO 1055 J = 1oNT

L=o0

M=o

DO 1010 K = 1,41

L=L +1

MM+ 1

R1(JrK) = WEB(1¢K) / VEC1(JrK)}
TENT2(L) = R1(JsK)

SET1I (M) = R1(JsK)

M=0

DO 1015 K = 1.J2

L=L +1

MM+ 1

R2(JeK) = WEB(2+K) / VEC2(JeK)

TENT2(L) = R2(J»K)
SET2 (M) = R2(JvK)

M=0

DO 1020 K = 1¢J3

L=L +1

M=M=+ 1

R3(JyK) = WEB(3,K) /7 VEC3(JrK)

TENT2(L) = R3(JsK)

SET3 (M) = R3(JsK)

CALL STATS (SET1s J1r» MRLI(J)» SDR1(J))
CALL STATS (SET2s J2» MR2(J), SDRE(J))
CALL STATS (SET3s J3e MR3(J)» SDR3(J))
CALL STATS (TENT2r Le MRT(J), SDRT(J))}

CONTINUE
COMPUTE C-STAR AND ITS STATISTICS

DO 1000 I = NBURNe NTOT
= 1/NT

1,J1

CST1(IrJrK) = INTPTL(NTOTeJrK) * G * ATTOT(1¢K) /7 WiP11,K)
TENT2(L) = CST1(I+JsK)
SET1 (M) = CST1(I,JrK)

M=0

DO 955 K = 1,J2
L=L +1

M =M+ 1

CST2(IsJrK) = INTPT2(NTOT»JrK) * G ATTOT(2:K) / WP (2¢K)
TENT2(L) = CST2(1eJeK)

SET2 (M) = CST2(IeJeK)

M =0




Tro.
nu

0 960 K
L +1
M+ 1

CST3(1,JsK) = INTPTI(NTOT»JsK) * G * ATTOT(3»K) 7/ WP(3¢K)
TENT2(L) = CST3(1rJ»K)
960 SET3 (M) = CST3(IeJdrK)
CALL STATS (SET1, Jly» MCST1(I»J)» SDCST1(IeJ))
CALL STATS (SET2» J2¢ MCST2(Isd) s SNDLST2(Ivd))
CALL STATS (SET3» J3» MCST3(I»J)e SDCSTI(I))
CALL STATS (TENT2e Le MCSTT(Ied)e SNCSTT(INJ))
1000 CONTINUE
DO 1795 I = NBURNe NTOT
DO 1785 J = 1NT
CIMIN(J) = MCSTT(I,J) = CT1%SDCSTT(I»J)
CIMAX(J) = MCSTT(I,J) + CTI%SDCSTT(I,J)
C2MIN(J) = MCSTT(IeJ) =~ CT2%SDCSTT(I,J)
1785 C2MAX(J) = MCSTT(I,J) + CT2%SNDCSTT(I»J)
IF (I .EQe. NBURN) GO TO 1786
WRITE (6+2035) 1
WRITE (6+,2047)
GO TO 1788
1786 WRITE (602036) I
WRITE (6,2048)
1788 IF (1 .EQ. NBURN) GO TO 1791
WRITE (6,2041)T1¢ (MOTNO(I1eK)e CSTL(Ir1rK)r CSTL(TI22¢K)»
1 CST1(I+3¢K)s BLANKes K = 1,J1)
WRITE (6e2064) (MCSTLI(Ied)e J=1el) s (SDCSTLI(IsJ) e U=1r4)
WRITE (6+,2041)72¢ (MOTNO(I20K)» CST2(1r1eK)e CST2(I22¢K)»
1 CST2(Ie3vK)y» RHRLANKe K = 1,J2)
WRITE (6,2064) (MCST2(IsJd)e J=1le4) e (SDCST2(Ied) e J=1r4)
WRITE (6¢2041)I3¢ (MOTNO(I3eK)r CST3CLr10K) e CSTI(Tr2eK)
1 CST3(I3eK)e BLANKe K = 1,J3)
WRITE (602064) (MCST3(Ied)e J=1el4), (SDCSTI(IsJ)r J=1,4)
WRITE (602065) (MCSTT(Ied)y J=1r4)» (SDCSTT(IrJd) e J=104)
WRITE (Ar2062) CAIMINs CIMAXs C2MIM, C2MAX
GO TO 1795
1791 WRITE (6:2080)T1» (MOTNO(ILsK)r CSTLCLr1sK) e CSTLI(Tr2eK) e
1 K)r BLANK, RI(I+K)» R1(2sK)» R1{(3+,K)» BLANK, K = 1sJ1)

WRITE (602066) (MCST1(Ied)y J=1s4)e MR1» (SDCST1(Isd) s J=

WRITE (6+2040)I2, (MOTMO(I2sK)» CST2(Le1eK)e CSTP{TIr2+K)»
1 K)» BLANKy R2(1eK)s R2(2¢K)es R2(3+K)r BLANK» K = 1¢J?2)

WRITE (602066) (MCST2(Ied)y Jz1e4)» MR2s (SDCST2(I,J)e J=

WRITE (6,2040)T3» (MOTNO(I3,K) e CSTI(Ir1eK)» CSTI(Tr2¢K)»
1 K)r RLANKy R3(1eK)r R3I(29/K)s RI(3eK) e BLANKy K = 19J3)

CST1(Ie3e

1,4)»SDR1
CST2(I1r3»

1:4)SOR?2
CST3(1e3e

WRITE (Ar2066) (MCST3(Ivd)e J=1s4)s MR3e (SDCSTI(Trd) e J=1,4)sSDKA

WRITE (602067) (MCSTT(Xrd)e J=1r4)s MRTe (SDCSTT(IrJ)e J=

DO 1794 J = 1oNT

C1TMN(J) = MRT(J) = CT1*SORT(J)

C1TMX{(J) = MRT(J) + CT1*SOHRT(J)

C2TMN(J) = MRT(J) = CT2*SDRT(J)
1794 C2TMX(J) = MRT(J) + CT2%SNRT(J)

WRITE (6,2068) CIMIN» C1TMM, C1iMaXe C1TMX.,

1 C2MIMe C2TMMe C2MaXs C2TMX
1795 CONTINUE

RETURM

END

1o4)»SDRT
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APPENDIX B

LISTING OF THE SOLID PROPELLANT ROCKET MOTOR PERFORMANCE
VERSUS TIME COMPUTER PROGRAM USING THE

GROUP TRANSFORMATION METHOD
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'P FOR MAIN

C
C

Oo00n

81
82
83
84
85
100
101
102

o000

109
110
111
112

100

GENERAL SOLID-PROPELLANT ROCKET MOTOR PERFORMANCE VS. TIME
DIMENSION XX (1700)
DIMENSION XLNP (3,15:200)¢s FSAVE(3+15,200)» PSAVE(3,15,200)
DIMENSION CC(200+¢4)» PCO(200)» FO(200)» Y(200)»
1 WPRNT (200)» TREP(200)s, PC (200)» T(200)» F(200)
DIMENSION AE1(3+15)» AE2(3¢15), AE3(3+15)» AEU(3+,15)r WEB(3,15)»

1 XMOTNO(3+15) s TEMP(3+15)s» PAF(3+15) ¢ TAIL(3+15)+AETOT(3,15)
DIMENSION TGRP( 4)r EXTEM( 3)e EXPA( 3)» KOUNT( 4).» EPS( 4)
DIMENSION BCDX(12), BCD1(12)e B8CD2(12)r» HBCD3(12)» BCD4(12)
DIMENSION PCTW(10)» NW(10)» BREAKW(10)+» WINC(10)

DIMENSION PCTT( 5)¢ NT(5)r BREAKT( 5)» TINC( 5)
DIMENSION NGO(10)s NSTOP(10),» XNW(10)s» XNT( 5)» SET1(10)
COMMON XX

COMMON XLNP+ FSAVEs» PSAVE

COMMON BCDX» BCD1» BCD2» BCD3» BCO4

EQUIVALENCE

1 (XX( 1) NSV2) s (XX ( 3) ICON)»

2 (XX( 4y TAV) s (XX( 3 N1dY, (XX( 6)r NPRIME),

3 (XXt ) NPTS) » (XX( 8l TR) s (XX( 9), TT)»

4 IXX( 10). WPCT), (XX( 11),» TPCT)»

5 (XX( 13)» CT2) s {XXC 14), TREP)» (XX( 214). T)»

6 (XX{ 414)., CCre (XX(1214), NSV1), (XX(1215)» NXNT) »

7 (XX(1216)¢ NA)Y» (XX(1217)» KOUNT)» (XX(1221)¢ TEMP) »

8 (XX(1266)e IPRNT)» (XX(1267), N2)e (XX(1268)¢ TO)»

9 (XX(1269)» NP)» (XX{(1270), EXPA)y (XX(1273)e AETOT)
EQUIVALENCE

1 (Xx(1318), PAF)s (XX{1363), CPHI)» (XX(1364) TO)»

2 (XX(1365)e WPRNT)» (XX(1565)¢ XMOTNO)» (XX(1601)» NXNw)
EQUIVALENCE

1 (XX(1602)» BREAKW)» (XX(1612)s BREAKT),» (XX(1617)» WINC),

2 (XX(1627) TINC) e (XX(1632) NGO) e (XX(1642)¢ NSTOP).,

3 (XX(1652) PCTW)» (XX(1662)9 PCTT)

INPUT FORMATS
FORMAT (I12» 4F12.4)
FORMAT (u6s 6F12.4¢ 1Xe I1)
FORMAT (21I6+ 3F12.401AR)
FORMAT ( S(F10.4» I6))
FORMAT (4E12.5)
FORMAT (316)
FORMAT (2(E16.8¢ E12.5¢ E12.5))
FORMAT (12A6)
OUTPUT FORMATS
FORMAT (3BH1THE FOLLOWING OUTPUT IS FOR MOTOR NO. Apg)
FORMAT(54H0 PCT WEB TIME TIME PC THRUST/)

FORMAT (F12.493F14.4)

FORMAT (540 PCT TAILOFF TIME TIME PC THRUST/)
READ (S» 83) NXNWe NXNT» TDse PHIy» CT2¢NSW

IF(NSW +GT. 0) READ (5,84) PSIA

WRITE(Ar 83) NXNWe NXNT, TDe PHIs CT2

READ (Se 84) (PCTW(I)e NW(I)e I = 1oNXNW)

WRITE(6r 84) (PCTW(I)» NW(I)e I = 1eNXNW)

READ (Sr 84) (PCTT(I)» NT(I)e I = 1eNXNT)

WRITE(6r 84) (PCTT(I)e NT(I)» I = 1oNXNT)

READ (5S¢ 81) NA» (TGRP (I)e I = 1sNA)




[aXaKs!

10

15

19
25

WRITE(6, 81) NA» (TGRP (I)e I = 1e¢NA)
READ (Se 81) NPy (EXPA (Ide I = 1/NP)
WRITE(6e 81) NP, (EXPA (I)e I = 1+NP)

READ (5¢102) (RCDX(I)eI=1,12)
WRITE(6,102) (BCDX(I)»I=1,12)
READ (50102) (BCD1(I)»I=1,12)
WRITE(6¢102) (BCD1(I)eIz1,12)
READ (50102) (BCD2(1),1I=1,12)
WRITE(6¢102) (BCD2(I),1I=1,12)
READ (5¢102) (BCD3(I)»I=1,12)
WRITE(60102) (RCD3(I)r1I=1,12)
READ (50102) (BCD&4(I)»I=1,12)
WRITE(6,102) (BCO4(I)eI=1,12)

KOUNT(1) = 0

KOUNT(2) = 0

KOUNT(3) = 0

NGO (1) =1

DO 4 I = 1eHXNW

XNW(I1) = NW(I)
WINC(I) = 1. /7 XNW(T)
NGO(I+1) = NGO(L) + MW(I) + 1/1
NSTOP(I) = MGO(I+1) = 1
CONT INUE

DO 5 T = 1,8lANT

XNT(I) = NTH(I)
TINC(I) = 1. / XNT(I)

ISUR = (HXNW + 1 + 1)
NGO (ISUHB) = MGO(NXNW + I) + NMT(T)

NSTOP(NXHNW+T) = 1160(ISUB) = 1
CONTIMUE

IPASS = 0

CPHI = COS (PHI)

NSUM = MAMHW + MXIT
NSVO = NSTOP (MIXNW)

N1 = NSVD - 1

NSV1L = NSVO + 1

NSV2 = NSTOP (NSHM)

GO 7 I = 1eMNANW

SET1(I) = PCTH(I) * .N1

DO 8 I = 1eMXNW
PCTW(T+1) = SET1(I)
PCTW(1) = 0.

0O 9 1T = 1oNMNXNT

SET1(F) = PCTT(I) * .(1
UO 10 T = 1NXMT
PCTT(I+1) = SETI(I)
PCTT(1) = n,

GROUP MOTORS INTO TEMPERATIIKF GROUPS

TGRP(MAX1) = TGRP(NA) x 2,

READ (5¢ 82) XMOTe FIRETPe PAXy TRy 1Te TOLPCP» NDMOT
WRITE (Ae 82) XMOTe FIRFTPy» PAXe TFe 1Te 10,PCPy NMNPMOI
L0 19 J = 1+ NA

EPS(J) = (TGRP(J+1) = TGRP(J)) *.5

IF ( (TGRP(J) + LEPS(J)) - FIRFTP) 19 19, 25
CONTIMUF

KOUNT (J) = KOUNT(J) + 1

K = KOUNT (J)

READ (5S¢ 85) AE1(JrK) e AE2(JeK) e AE3(JeK) s AEU(JeK)
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wRITE(He 85) AFR1(JeK)» AE2(J9K)» AE3I(JrK)» AEL(JeK)

TEMP (JsK) = FIRETP

XMOTNO(JsK) = XMOT

PAF (JeK) = PAX

WER (JrK) = TB

TAIL (JeK) = TT

AETOT (JeK) = AFL(JrK) + AE2(JrK) + AF3(JeK) + AEL(JsK)
C

READ (5:100) NPTS» ICON» IPRNT

WRITE(60100) NPTS, ICONs IPRNT

READ (59101) (TREP(I)» PC(I)e F(I)» I=1sNPTS!}
C

Lo 11 I=1/NPTS

11 PC(I) = PC(I) + PCP
PRES1 = 0.0
FRES2 = 0.0

IF(NSW «6T. 0) GO TO 5005
5001 EREAKW(1) = TO
DO 26 I = 1sNXNW
26 BREAKW(I+1) = TO + PCTW(I+1)xTH
HBREAKT(1) = TB + TO
DO 28 I = 1NXNT
28 BREAKT(I+1) = TR + PCTT(I+1)x(TT=-Ty) + TO

IF( PRES]1 NE, 0,0) GO TO 5002
5005 CALL CURVE (TREP,» PCe NPTS)
IF(NSW JLFE. 0) GO TO 5002
TONEW = TRFP(1) - .00001 - TAV
O 5003 I=1.100000
TOMEW = TONEW + .00001
PRES1 = ((CC(1o4)xTONEY + CC(193)) *TOMEW + CC(192))*TOMEWHCC(1r1)
PRESZ2 = CC{1o1)+ CC(Le2)*TOMEW + CC{193)*TONEW*%2
1 + CC1e8)xTOMFWXX3
1F(PRFS1 .GF. PS1A +OR. PRES2 .GLe PSIA) 60 TO 5004
S003  CONTIMUE
5004 TO = TONEW + Trv
WRITL(Ae10002) TOPPSIAIPRESL P PRESE
1002 FORMAT (1H1//77 3HTO= F10.496XeSHPSIAZ F10.396Xr6HPRESIZ F20e4
1 6Xe6HPRFS2Z F2n0U////7777)
GO TO 5001
9002 CaLb SRCH1(PCO)
O 30 L = 1» NSV2
ARG = PCO(LY)
PSAVE (JrKebL) = ARG
30 ALMP (JeKelL) = ALOG (ARG)

C
CaLL CURVE (TRFPs F o NPTS)
CALL SRCH1 (FO)
DO 3% L = 1., NSV2
35 FSAVE{(J)KeL) = FO(L)
C

WRITE (6¢ 109) XMOTNO(JeK)
WRITE (&¢ 110)
DO S6 IJ = 1 MXMW
AT = 0.
NG = NGO(IJ)
NSP= NSTOP(IJ)
DELPW = PCTW(IJ4+1) = PCTW(IJ)
10 5% I = NGe¢ HSP
IF (IJ «ME. 1) GO TO 53
IF (I  «£0. 1) GO TO 54
53 I = AT + 1

102



ﬁ

54

55
56

58
60

65

IF (IPASS .EQ. 1) GO TO 5%

WPRNT(I) =(PCTW{IJ) + WINC(IJ)*AI*DELPW) * 100.
WRITE (60 111) WPRNT(I)» T(I)s PLO(T)» FO(I) ’
CONTINUE

WRITE (6¢ 112)

LO 60 IdJd = 1» NXNT

AL = 0.

NG = NGO (IJ + NXNW)

HSP = NSTOP(IJ + NXNW)

DELPT = PCTT(IJ+1l) = PCTT(IJ)

0 58 I = NGes NSP

IF (IPASS .EQ. 1) GO TO 58

FT = AT + 1.

WPRNT(I) =(PCTT(IJ) + TINC(IJ)*AI*xuFLPT) * 100.
WRITE (6s 111) WPRNT(I)» T(I)s PCO(I)e FO(I)
CONTINUE

IPASS = 1

IF (NDMOT) 65 150 65

CALL LSTSe ( 1» NSVOr WEB » 1)

CALL LSTSQ (NSV1e. NSV2e TAIL. 2)

GO TO 1

END
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*IP FOR SRCH1
SUBROUTINE SRCH1 (Y)
DIMENSION XX(1700)
DIMENSION T(200)» CC(200+4)» TREP(200)» Y(200)
DIMENSION BREAKW(10)» BREAKT(S5) +WINC(10)TINC(5)+NGO(10) NSTOP(10)}

COMMON XX

EQUIVALENCE

1 (XX« 4)» TAV) s (XX( 8) TB) e (XX( 10)e WPCT)»
2 (XXU 14), TREP)s (XX( 214), T)e (XX( 414). CC)o»
3 (XX(1268)., TO)e (XX(1215)s NXNT)» (XX( S)y N1),
4  (XX(1601)» NXNW)e (XX( 7)r MPTS)» (XX( 9)» TT)oe

5 (XX( 11)» TPCT)» (XX{ 3)» ICON)

EQUIVALENCE

1 (XX(1602)s, BREAKW)» (XX(1612)e BRFAKT)» (XX(1617)., WINC) »
2 (XX(1627)» TINC)r (XX(1632), NGO)» (XX(1642)r» NSTOP)
NI = ICON -~ 1

XI = ~-1.

NSUM = NXNW + NXNT
DO 45 IJ = 1, NSUM
XI = 0.
NG = NGO(IJ)
NSP= NSTOP(IJ)
DELW = BREAKW(IJ+1) - BREAKWI(IJ)
1K = IJ - NXNW
DELT = BREAKT(IK+1) —= BREAKT(IK)
DO 40 I = NG» NSP
IF (IJ .GT. NXNW) GO TO 15
IF (IJ .NE., 1) GO TO 8
IF ( I JEQ. 1) GO TO 9
a8 XI = X1 + 1.

9 T(I) = BREAKW(IJ) + XI*WINC(IJ)=*DELw
60 TOo 21

15 XI = XI + 1.
T(I) = BREAKT(IK) + XI*TINC(IK)*DELT

21 UO 28 J = 1/NPTS

IF (TREP(J) = T(I)) 28» 28, 22
22 JS = J -3

IF (JS) 23 23» 25
23 JS =1

GO TO 32
25 IF (JS =~ NPTS + NI) 32¢ 32, 26
26 JS = NPTS = NI

GO0 TO 32
28 CONTINUE
32 TQ@ = T(I) -~ TAvV

Y(I) = ((CC(JS»8)*TQ + CC(JIS¢r3)1)%xTQ + CC(JSe2))%TQ + CC(JIS1)
40 CONTINUE
45 CONTINUE

RETURN

END
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*IP FOR LSTSGQ

C
C
C

C

[sNeN gl

O 00

SUBROUTINE LSTSQ

DIMENSION

-1.PSAVE(3,15+200) ¢

200

201

202

205
1201

66

68

70

72

DIMENSION

PIKD(3.,200)
PAF(3s 15)
XLNPD(200) »
XMTD(200)»

SET1( 45),

EXPAL  3),

ILC 4),

WINC( 10),

BNV FE OGN

DIMENSION BCDX(12).»

COMMON XX

(NGO+» NSTOP, TIME: IPASS)
DIMENSION XX(1700)

XLNP (3015,200)
FD2 (3¢15+200)»
C2MAX(20003)»
XMLNP (3, 200).»
TEMP (3, 15).,
CiIMIN (200)
C3MIN (200)»

SET2 ( 45), .

SIGP ¢ 3)
LGO € 10),
TINC ¢ S)e

COMMON XLNP» FSAVEe PSAVE
COMMON BCDX» BCD1» BCD2, BCD3» pCub

FSAVE (3¢150200) s FD1(3+154200)
FD3(3+15¢200)s PDU(3¢15,200)
C2MIN(200,3)» XMFD{(200¢3)»
XMOTNO( 3015)s AETOT( 3,15)»

TIME(3r 15)» ARRAY(l46r» 4)o

CIMAX (200).» WPRNT (200)»
C3MAX (200), XMPTD(200) »
XMTEMP  ( 3)» DENOM(  3).»
X  u) KOUNT( 4)»

PCTW ( 10),» PCTT( S)»

SET3{(45) » TEMX(45)

BCD1(12)s BCD2(12), BCD3(12)r BCDU(12)

EQUIVALENCE

1 (XX S)e N1)» (XXC 11)e TPCT )¢ (XXU 10)» WPCT)»
2 (Xx(1216) NT)» (XX(1217)¢ KOUNT)» (XX(1221). TEMP),
3 (XX(1269)¢ NP} (XX(1270)» EXPA)e (XX(1273)9 AETOT),
4  (XX(1318), PAF)» (XX(1363)» CPHI)» (XX(1364)» TO) »
5 (XX(1365)r WPRNT)» (XX(1565)¢ XMOTNO)s (XX( 13} cT2),
6 (XX( 1) NSV2)» (XX(1214).» NSV1)e (XX(1601), NXNW) »
7 (XX(1632). LGO) r . (XX(1652)» PCTW)» (XX{1662) PCTT)»
8 (XX(1617). WINC)» (XX(1627) TINC)

tQUIVALENCE (XLNP(1)» FD1(1)» FD2(

OUTPUT FORMATS

FORMAT (1H1, 13X.
1ER PRESSURE )
FORMAT (7H PCT.

56H TRANSFORMEL

v 16X» 3RH MEANS

1 36H WER MEAN MIN.

2 MAX. / TH

FORMAT (1H1. 13X
1T AT PA =FB.2)

FORMAT (1Xe» F6e2¢
FORMAT ( SH PCT.

NSVO = N1 + 1

TIME )
54H TRANSFORMEL

3F10.4, 3F12.4)

1)» FD3(1)e PD(1))

TIMES TRANSFORMED CHAMB

WITH TwWO SIDED TOLERANCE LIMITS/
MAXe ¢7Xe 30H MEAN MIN.

TIMES TRANSFORMED THRUS

/ 8H TAILOFF / 5H TIME )

IF (IPASS = 2) 66r 72¢ 66
NM = KOUNT(1) + KOUNT(2) + KOUNT(3)

COMPUTF STATISTICS FOR TEMPERATURE

DO 70 J = 1NT
LL = 0

JJ = KOUNT(J)
DO 68 K = 1rJJ
LL = LL + 1

SET1(LL) = TEMP(JrK)
LLe XMTEMP(J)}» ARG)
DENOM(J) = TL = XMTEMP(J)

CALL STATS (SET1.»

CONTINUE

LEAST SQUARE FIT LOG OF BURN TIME VS. TEMP.

LL = 0
DO 210 J = 1.NT
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JJ = KOUNT (J)
DO 210 K = 1.JJ
LL =L + 1
ARRAY(LL,1) = 1.
ARRAY(LL,2) = TEMP(JsK)
ARRAY(LLs3) = TEMP(JrK)**x2
ARG = TIME (JrK)
ARRAY(LL»4) = ALOG(ARG)
210 CONTINUE
CALL GLS1 (ARRAY» X» ILs» NMy» 3¢ ALPHAs De» O.)
XLNPD (1) = (X(3)*TD + X(2))*TD + X(1)

COMPUTE LOG OF MFEANS OF RURN TIMES ANL SIGP*S

oO0O0n

DO 230 J = 1.NT
XMLNP (Js1) = (X(3)*XMTEMP(J) + X(2))*XMTEMP(J) + X(1)
230 SIGP(J) = (XMINP(Jrl) = XLNPD(1)) / UEMOM(J)

COMPUTE TRANSFORMED TIMES AND IN THE SAME LOOP LFAST SQUARE
FIT LOG OF PRESSURE VS. TEMP

[eNeNeXe

Id=0
DO 240 L = NGO+ NSTOP
1@ = IJ + 1 + (IPASS=1)*NXNW
IF (L «Neo LGO(IQ)) GO TO 231
1 = IJ + 1
AL = 0.
INCR =1 /7 TJ
XINC = INCR
231 AL = AL + 1
LL = 0
L0 235 J = 1.NT
JJ = KOUNT (J)
DO 235 K = 1,J4J
tL =Ll + 1
ARRAY (LLsft) = XLNP(JeKeL)
ARG = SIGP(J)*(Ti) = TEMP(JrK))
TEM = TIME(JK) / (EXP (ARG))
IF (IPASS = 1) 2320 232» 233
232 TEMX(LL) = TeM
DELW = PCTW(IJ+1) -~ PCTW(IJ)
SETL(LL)Y = TEM * (PCTW(IJ) + (AL=XINC)*WINC(IJ)=*DELW)
GO TO 235 .
233 LELT = PCTT(IJ+1) = PCTT(IV)
TAM = TEM - TEMX(LL)
SET1(LL) = TEMX(LL) + TAM * (PCTT(IJ) + AL*TINC(IJ)*DELT)
235 CONTINUE )
CALL STATS (SET1i» LL» XMTD(L)» SLTUL)
CIMIN(L) = XMTR(L) = CT2x*SDTD
CiMAX (L) = XMTD(L) + CT2*SDTD
CALL GLS1 (ARRAY» Xv¢ ILe NMe 3» ALPHAe 0Oer 0.)
XLNPD(L) = (X(3)*TD + X{(2))*TD + X(1)

COMPUTE XMLLNP FROM CURVE FIT ANv PIK'S

OO0

Lo 240 J = 1¢ NT
XMLNP (JeL) = (X(3)RXMTEMP(J) + X(2))*XMTEMP(J) + X(1)
PIKD(JeL) = (XLNPL(L) - XMLN&}J:L)) / DENOM(J)

280 CONTINUE
COMPUTF AND PRINT OUT TRANSFORMED PRESSURLS

[eNaKe]
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AR

(s NeNe]

90

100

101

104
105

182

184

186

190

194

196

198

301
204

UO 100 L = NGOe» NSTOP

L =0

DO 90 J = 1NT

JJ = KOUNT(J)

DO 90 K = 1.JJ

LL = LL + 1

ARG = PIKD(JeL) * (TD = TEMP(JsK))
PD(JrKel) = EXP (XLNP(JeKsl) + AKG)
SET3(LL) = PD(JerKeL)

CONTINUF

CALL ST"TS (SET3 » NMs XMPTD(L)» SPPTD)
C3MIN(L) = XMPTD(L) =~ CT2*SDPTD

C3MAX(L) = XMPTD(L) + CT2*%SDPTD

CONT INU+

IF (1P?SS = 2) 182 101, 182

WRITE (60200)

WRITE (6s 201)

0O 105 L = 1., NSV2

IF (L - NSV1) 105r 104. 105.

WRITE (6» 1201)

WRITE (6, 205) WPRNT(L)» XMTD(L)s CIMIM(L),» CIMAX(L),

1 XMPTD(L)» C3MIN(L)s C3MAX(L)

CALL QUIKMV (-1, 46 » PCDXs BCD1ls =NSV2+CIMAXs C3MAX)
CALL QUIKMV ( 0, 67 » RCDXe ACD1, =NSV2, XMTD» XMPTD)
CALL QUIKMV ( 0» 77 » PCDXe BCD1ls» =NSV2,CIMINs C3MIN)

COMPUTE TRANSFORMED THRUSTS

O 198 L = NGOs NSTOP

LtL =0

DO 190 J = 1oNT

JJ = KOUNT (J)

LO 190 K = 1+JJ

LL = LL + 1

RATIO = PD(JrKeL) 7/ PSAVE(JeKrL)

FVAC = FSAVE(JesKeL) + PAF(J/K)*AFETOT (JeK)*CPHI
FD1(JrKoL)= RATIOXFVAC - EXPA(1)*AETOT(JeK)*CPHI
SET1(LL) = FDI1(JrKeL)

IF (NP = 1) 190, 190 184

FD2(JrKrL)= RATIOXFVAC - EXPA(2)%ALTOT(JrK)*CPHI
SET2(LL) = FD2(JsKrL)

IF (NP = 2) 190, 190¢ 186

FD3(JeKeL)= RATIOXFVAC = EXPA(3)*AETOT(JeK)*CPHI
SET3(LL) = FD3(JeKeL)

CONT INUE

CALL STATS (SET1e NMe XMFD(Le1)» SuFL)
C2MIN(L»1) = XMFD(Ls1l) = CT2*SDFD

C248X(Lel) = XMFD(Le1) + CT2%SDFL

IF (NP = 1) 198, 198, 194

CrLL STATS (SET2¢ NMe XMFD(Le2)» SuFu)
C>MIN(L»2) = XMFO(Ls2) = CT2%SDFL

C2MAX(L»2) = XMFD(Le2) + CT2%SDFL

JF (NP ~ 2) 198» 198, 196

CALL STATS (SET3 » NMp XMFD(L+3)s SuFD)
C2MIN(Le3) = XMFL(L»3) -~ CT24SDFU

C2MAX{L»3) = XMFO{L»3) + CT2%SDFL

CONTINUE

IF (IPASS - 2) 209, 301s 209

M =0
M =M+ 1
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108

207

WRITE (60 202) EXPA(M)
201)

WRITE (6
DO 206 L =

WRITE (6

1,

NSV2
IF (L - NSV1) 206+ 207, 206
1201)

206 WRITE (6¢ 205) WPRNT(L)» XMTD(L)» CIMIN(L)» CIMAX(L).»

218

220

222

209

1 XMFD(LoM),»
IF (M = NP)
CALL QUIKMV
CALL QUIKMV
CALL QUIKMV
IF (NP = 1)
CALL QUIKMV
CALL QUIKMV
CALL QUIKMV
IF (NP = 2)
CALL QUIKMV
CALL QUIKMV
CALL QUIKMV
RETURN
END

C2MIN(L M)y C2MAX(L M)

204
(=1,
( O

( 0

209
(=1,
( 0
( 0o
209
(=1,
( O
( 0,

218,
46 »
67 »
77
209
46 »
67 ¢
77 »
209,
46 »
67
77 »

218

BCDX»
RCDX»
RCDX ¢
220

RCDX»
BCDX e
RCDX e
222

RCOX»
BCDX ¢
RCDX»

BCD2,
BCD2+»
BCD2,

RCD3»
BCD3»
BCD3»

RCDY »
BCDY»
BCDY4

=NSV2,CIMAX
=NSV2e XMTD»
=NSV2»CIMIN»

=NSV2sCIMAX,
=NSV2e XMTDe
=NSV2»CIMIN,

«~NSV2+CIMAX,
=NSV2es XMTD»
=NGV2+CIMIN,

C2MAX(101))
XMFD(1,1))
C2MIN(1.1))

C2MAX(1,2))
XMFD(102))
C2MIN(1,2))

C2MAX(1,3))
XMFD(1,3))
C2MIN(1,3))



o rrey

>

*IP FOk CURVF
SUBROUTINF CURVF (T» S» N)
C CURVE FIT
DIMENSION XX(31700)
DIMENSION  ALD(400)s DAL(4ON)» ALC(H00)» ALWCI000), TCL(200),

1 T(200), S(200),s  A3(280)e  SCC 200) - DPP(2N0) .,
2 NDER(200)r  CC(200,8)

COMMON XX

EQUIVALENCF
1 (xx( 3)e  ICOM)» (XX( 4) TAV)Y e (XX( u14), CC)y

2 (XX(1266)r IPRNT)
WRITE (6r111)
110 FORMAT (2F15.8)
111 FORMAT (1H1012HINPUT ARRAYS)
WRITE (60110) (T(I)eS(I)s I=1sM)
***THE FLFMENTS OF THE T ANN S ARRAYS ARE ARRAMNGED TN ASCFHNING ORDER
»AND ARE THEN MORMALIZED.,
CALL ACCEND(T »S »N)
CALL MNORMLZ(T¢TCeM»TAV)
CALL MORMLZ (S+SCrNeSAV)
DO 1 I=1.N
ALD(2%xI)=TC(1I)
LD (2*%I~-1)=SC(1)
LAL{2*T)=SC(])
1 LAL(2%I=1)=TC(T)
C HERE PEGIMS PIFCEWISE FITS WITH CUsICSe» eMSRACING M POINTS AT TIME
K = 1
M = ICON
IF (M=2%(M/2))23+24+23
23 1sS=0
0O TO 25
24 IS=1
25 MH=M/2
MK = M
MM=N+1-M
IF (IPRNT) A2 64r» A2
62 WRITE (69 63) TAVe M
63 FORMAT(78HIFOLLOWING ARF COFFFIGCIFINTS OF SLIGHTLY STSCONTINUONS N
631i.ICS IN THE QTY (TIME~F12.7¢25H)r FOR TIME RAMGFS SHOYNG/R6HOT IMe
632Kk ANGE COLFF. OF Q%x%xn CUOFFF s OF Qxx]1 COLFFes OF Q%%2 C
6330VEFF e OF Q**x3,14,22H POINTS LINKEN PR SeT//)
C **¥*COMPUTING THE COEFFICTENTS OF THE CUPICS AND STORIMG THFEM IN [Hr
C CC ARRAY
64 1,0 52 I=1,MM
CALL CF2F1(0snLCr N2 A2 ALN(2*T=1)r3sM)
CALL CF2F2(N.NyALC+392NFR3¢3)
CCl 1I.1) = DER(L) + SAV
[ 23~ N
LO 52 J=1.3
t- = 8 * FLOAT ()
652 CCC Ir J+1) = NER(2%J+1) / R
CALL CF2F1(NsALCP0O»A3sALD P3¢ M)
C **%*COMPUTING THE DISCREPANCIES FOR THFE PIE(CF=WISE FITS.
L0 53 I=1.N
JZI=(MH=1I%)
IF(J=1)57¢57¢56
56 1F(J-MM)S5R+58¢57
58 CALL CF2F1(0sALCYQrA3sALD(2%J=1) 93+ M)
57 CALL CF2F2(TC(I)»ALC»3¢DERI0+3)
53 DP(I) = SC(T1) - DFR(1)
E=TA(1)

(e X e}
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1Z=MH~IS
H=T(1Z+1)
DO 166 1 = 1:MM
IF (IPRNT) 51+ 55¢ 51
51 WRITE (60 S4) Ry He (CC(Ivd)r J=1r4)
54 FORMAT(F7.2»3H TOFB8.2/4E17.8)
55 fB=H
J=I+MH+1=-1IS
IF(I+1-MM)164+165r164
165 J=N
H=T(J)
60 TO 166
164 H=T(J)
166 CONTINUE
WRITE (60124) MK
124 FORMAT(17H PIECEWISE CUBICS / 21H NO. OF POINTS LINKER »I2)
WRITE (6,127)
127 FORMAT (1HO0¢3(30Xe6HDELTAS))
DO 151 J=1.N»l
151 WRITE (6+¢153) T(J)eS(J)»DP(L)
153 FORMAT (F10.4¢2X2F10.39F15.6)
CALL STDPEV (DPeNeS2)
wRITE (6 11) S2
11 FORMAT (19HO STD. DEV. Fll.b)}
RETURN
END

*IP FOR STATS
SUBROUTINE STATS (Xr Ne XMe SD)
DIMENSION X(100)

SUMl = 0.
SUM2 = 0.
XNO = N

XNO1 = XNO - 1.
DENOM = XNO*XNO1
DO 10 I = 1¢N
SUML = SUML + X(I)
10 SUM2 = SUM2 + X(I)*X{I)
XM = SUM1 / XNO
XNUM B (XNO*SUM2 = SUM1%SUM1)
IF (XNUM .LF. 0.) GO TO 14
SD = SART (XNUM/NENOM)
IF ((SD/XM) +LT. .00025) GO TO 14
G0 TO 15
14 SD = 0.
15 RETURN
END
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'IP FOR 6GLS1-
SUBROUTINE GLS1(8sXeILeNeM)ALPHA ELrE2)

60

o F [&]

35

31

DIMENSION A(46:4)r B(Ub6rl)e X(4),
MM=M+1

DO 2 J = 1N

DO 2 K = 1eMM

A(JrK) = HB{JrK)

LL=1

DO 60J=1¢MM

IL(J)=0

i=1

DO 3K=1+MM

II=I+1

DO 4JU=I1I,N

IF (ABRS{A(JeK)I=E1)Url4r6
T1=SARTI(A(JeK) ) *%k2+ (A1 9K) ) *%2)
S=A(JrK)I/TL

C=A(I/K)/T1

DO SL=KeiaM
T2=C*A(I,L)+SxA(JeL)
AlJeL)I==S*A(TL)+C*A(JrL)
A(TI,L)Z=T2

LL=LL+1

CONTINUE

IF (ARS(A(I K))=E2)39308
IL(K)=T

IZI+1

CONTIMIIF

X{(MM)==1,0

I1=M

DO 35I=1eM

X(I)=n.

DO 30J=1,M

IF (IL(I1))30,30e31

S$=0.

LL=I1+1

ISIL(IT)

5O 32K=LL,MM
S=SHA(T e KD *X (K)
X(TI)==S/Aa(1,11)

I1I1=1I-1

IF (IL(MM))S0,51950
ALPHA=0.

GO TO 52

I=IL (MM)

ALPHA=A (I oMM)

RETURN

END

IL(y)

6LSQ0001

GLSE0003

6LSQDN0Y
6LSaoNgS
6LSOO006
6LSQON07
6LSa000A
6LS00009
cLsaon1o
6LSR0011
6Lsqo012
6LSQo013
6LSe001L
GLSR001S
GLSAON1A
6Lsa0017
GLSQ001e
GLSR0019
6LSRoN2N
6LSA0021
6LSE0022
GLSQO0N23
6Lseon2s
6LSQUN2S
GLSQ0N26
6LsSeON27
GLsoean2a
GLSGOnio
G6LSEON3N
GLSA0N3) .
GLSO0032
6LSRON33
GLSQON34
GLSGON3S
GLSQ0036
6LSQA0N37
GLSRQN3R
GLSQR0N30
GLSAONY4N
G6LSO0NY 1
GLSEONY?
6LSA00Y3
GLSA0NGY




*IP FOR ACCEND

C
C
C
c
C
C
C
C
C
C

4
C

5

6

1

8
C
C

=

>
C

9

3

10

SUBROUTINF ACCEMOD(Xe Yo l)

ASCHON1N

THIS SR SORTS (X¢Y) POIMTS INTO A SEOUENCE OF ASCENOING X VALUFS.ASCNOO20
N IS THE NO. OF POINTS IN THF SEQUFNCE  WHILF X AND Y ARF ASSOCI-ASCMON3N
ATELD ARRAYS. THE ARRAYS OCCUPY THE SAMc STORAGE AFTFR SORTING ASASCNOO40

THEY NDID HEFORF SORTIMG. N IS [HE NO. OF POINTS.

DIMENSTION X(1)»Y (1)
DIMEMSIONS OF AgQOVE VARIABLES ARE ACTUALLY EFFFCTED RY THE

HIGHER (CALLING) PROGRAM OR SR.
EQUIVIALFNCF(INT)
J=1

ASCNaNSn
ASCNONGD
ASCNQOP70
ASCMONgOo
ASCMOOON
ASCMO100

J IS THU INMDEX OF THE MEXT MEMBER OF THrt SET OF POINTS WHICH WILLASCNO11(Q

BE ORDEREDN BY OPERATIONS IN THE TNNER LOOP PO 8 ON T,

GO TO 3
THE ABOVF TRANSFER AVOINS MIS-OPFRATION IF N=1 OR LESS» SEF CARD

MO 305. HMNORMALLY» PROGRESS TO STMT. 4.

K=J

K 1S THE TENTATIVE INDEX OF THF SMALLFST UN=ORNERED X VALUE,
I=J+1

GO TO 6

I=I+1

IF(X(T)=X(K))1+R+8

K=1

IF(I=N)YSe 797

K IS NO LONGFR TENTATIVE. IT IS INMUFFD THE INDEX OF SMALLFST Xo»
SO FAR UNORUDFRFLU.

IF(K=J)}2e9,2

T=X(K)

X{K)=X(J)

X4 =T

T=Y(K)

Y(K)=Y(J)

YA =T

BOTH X AND Y HAVE BETN SWAPPFD, USING T AS A TFMPORARY STORAGE.
JTJ+l

IF(J=N)U4,10e10

RFETUKF

END

*IP FOK MNORMLZ

[eNeNe!

112

SUSROUTINF MORMLZ (Xe YoM, AV

THIS ROUTINE AVERAGES M ELFMEMNTS IN X ARRAY GFTTING AV AS THE
RESULT. IT THEN PRODUCFS ARRAY Y WHICH 1S SAMF AS XeMTNUS AV,
TERM DY TERM

DIMENSION X(1)»Y (1)

AVZ=X(1)

Lo 1 T=2.0

AVZAV+X (1)

AV AV / FLOAT(H)

LO 2 I=1eM

Y(L)=X(I)=AV

KETURN

(AN

ASCMD120
ASCNQO13N
ASCNOL14n
ASCMO15N
ASCND160
ASCMO170
ASCNQ180
ASCNO1O90
ASCMO20N
ASCMg21r
ASCNGZ20
ASCMO230
ASCMO240
ASCHMO250
ASCNO260
ASCMO2T70
ASCNO240
ASCNO240
ASCHMO30P
ASCMO31N
ASCNQO32D
ASCHMO 33N
ASCHO34n
ASCMO350
ASCMO360
ASCNO370



*IP FOR FIXIT

100
200

300
400

11

SUBROUTINFE FIXIT(A»ReNsN2,M7)

DIMENSION A(10s1)+o8(501)eDIR0) o KK(4)+S1(15)9S2(15)
D0 200 J=N2sN7

0 100 I=1.N

D(I)=A (U 1)

CALL STDEV(D,N»,S1(J))

KK(1)=8

KK(2)=10

KK(3)=12

KK(g)=14

LO 40N J=1.4

DO 300 I=1.N

DII)=R(Jr 1)

CALL STNEVININsS2(J))

WRITE (6 11) {(S1(J)e J=N2eN7)» (S2(J) e J=10e4)
FORMAT(13H0 STD. NDEV. ¢AF11.602Xr4F11.6)
RETURN

END

*IP FOR STULFV

100

SUBROUTINE STDEV(XeN»S)
LIMENSION X(1)

SUMX=N.

ASQR=0.

ENzZN

LO 100 TI=1,N
SUMX=SUMX+X (1)
ASQRZXSOR+ (X (1) ) %x*2
SPZXSER=( (SUMX*%x2) /EN)
S = SQRT (SP / (M = 1.))
KETURN

ENU

115



11k

*IP FOR CF2F1

77

17

18
15

SHHROUTINE CF2F1(JeALC»IToALWeALLKeN)
LIMENSION TMP(2)pALW(1)»aALD(1)»ALC(])
K6=6%K+4

FK=K

nNT = 2

IF(IT)11.,1,12

NT = 3

IF(J)33+3.33

TMP(2)=0.0

TMP(1)=0.0

6O TO 2

ALC(KAH+4)=0.0
ALC(K6+3)=N.0

FN=N

NNZU

DO 5 I=1.N

N = NN+ MT
ALC(KE6+U)ZALC(K6+4 ) +ALD (NN)
ALC(KA+I)=ALC(KH+3)+ALD (MNM=1)
TMP (1) =ALC(K6H+3) /FN
ALC(KA+3)=TMP (1)

TMP (2)=ALC(KH6+4) /FN
ALC(KA+R)Z=TMP(2)

N=0

NM==2

O 6 I=1N

NM=NM+5

WN = NN + MT
ALW(NM)=ALD(NN) =TMP (2)
ALW(NM=1)=ALD (NN=-1)-TMP(1)
NM==2

PiN==4 s
Lo 8 I=1,N

NN=MNN+S

IECIT)77¢7277

MM = NM + NT
ALWINN) ZALD (NM)

GO0 TO 8

ALWINN)=1,0

CONT INUE

NN=Q0

DO 9 I=1/N

NN=NN+5

ALWI(NN)=1.0

FJJ=0.0

ALC(K6+5)=J

IF(J)17015,17

FJJ=FJJ+1.0

NN=Q

DO 18 I=1.N

NN=NN+S

ALWINN) ZALWINN) *aLw (NN-2)
IF(FJJ=ALC(K6+5))17915015
ALC(KE+1)=0.0
ALC(KA+2)=0.0
ALC(K6=2)=0.0

NN==-y

L0 19 I=1+N

NN=NN+5

TMP (L) =ALWMN) * ALY (MN+Y)

CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
cF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CcF2
CcF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CcF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
LF2
CF2
CF2
CF2
CF2
CF2
CF2
LF2
CF2
CF2
CF2

CF2
CF2
CF2
CF2
CF2
CF2
CF2



111
112
2u2

113
114
115

1720

172

ALC(KA+2)=TME (1) #ALW (MN+1)+ALC (Kp+2)
TP (1) =TMP (1) *ALW (NM+4)
ALC(KE+1)TMP (1) +ALC (KA+1)

T ALC(KAH=2) =TMP (1) ¥ALW (NMN+2) +ALC (K6-2)

ALC(KA=2)=ALC(KA=2) /ALC(KA+Y)
ALC(KA6+2)=ALC(KH+2) /ALC (KA+1)
ALC(K6=3)=N.0

L3=0

Li==1

L4=0

KH=Ke=6
IF(FUJ-FK)115,122r122
FJIJ=FJJ+1.0

HLC(KA+2)=0.0

ALC(KA+1)=0.0

AML.C(KA=2)=0.0

WMz =y

{10 112 I=1»N

=N+ 5

L2=NM+L]

LOSZHALY

TP (1) =ALC (K6+3) *ALWIL2+4)
PLW (L2+Y )= (ALY (MN42) =ALC(KA+4) ) kAl W (LS+4) =TMP (1)
TMP (1) = ALWIL2+4) * ALW(NN)
SLC(RA+2) = TMP(1) * ALW(NN+1) + ALC(KA+2)
TR (L) =THMP (1) kLA (L2 +4)
MCIKA+TI=TMP (1) +ALC(KA+1)
ALC(KB=2P) = THMP(L) * ALW(MN+3) + ALC{K6=Z2)
PLCIKA=2) =L (KA=2) /ALC (KA+1)
ALC(KA+2)=ALC(KA+2) /ALC (KA+1)
LLCIKA=3)=ALC(KA+1) /ALC (KA+7)
LF(L3)2u2es120,242

L3=1

L1=0

Ly==1

OO TO 113

KE TUKRM

tND

CF2
CF2
CF2
cF2
cF2
CF2
CF2
cF2
CFe
CcF2
CF2
CF2
CF2
CF2
cF2
CcF2
cF2
cF2
CcF2
CF2
CF2
CF2
CF2
CF2
(F2
CF2
CF2
CF2
cF2
CF2
CcF2
(Fe
CF2
CF2
CF2
CcF2
CF2
CF2
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*IP FOR CF2F2

222
22

23
2u
25

2311

231

2322
236

23u4

234
235

232

241
242

26
2111

SUBROUTINE CF2F2 (ARG ALC»KBrDER»1Q¢K)
DIMENSION TMP(A)»ALC(1)yDER(L)
XRAR=ARG

FKB=KR

K6=6%K+4

IF(ALC(K6+5) 22022222
XBARSXAAR~ALC (KA+4)
FUJSALC (K6 +5)

MN=K6+6

NO=Iw+1

DO 23 I=1.N@Q

NN=NHN=6

ALC(NN)=0.0

TMP(1)=040

TMP(2)=1.0
IF(ALC(KO+S)=TMP (1))2311,231,2311
TMP(1)=TMP(1)+1.0

TMP (2)=TMP (2) xXRAR
LF(TMP(2))25,2U4025
M.CIKH)IZTMP(2)
IF(TMP(1))2322¢232+12322
KK6=K6

KKAZKKA=6

IF(XItAR) 23492344, 234
TMP (2) ZALC{KKA+R)
ALC(KK6+6)=0.0

G0 TO 23%

TMP (2)=ALC (KK6+6) /XBAR
FLCIKKR)IZTMP(2)*TMP (1)
TMP(1)=TMP(1)~1,0
IF(TMP(1))2360232:¢236
NN=~1

TMP (1) =ALC(KAH+2)
TMP(2)=ALC (K6+1)
KK6S=K6

KK6HZKA+6

DO 241 I=1.NQ

KK6ZKKA=6

NNZNN+2
DER(NN)=TMP (1) *ALC (KKA)
DER(NN+1)= (ALC(KKH ) *%2) /TMP (2)
L3=0

L7=0

Li=~1

L4=6
IF(FUJ=-FKB)2111,211,211
FJJSFJJ+1.0

KKAHZKKAS

NN=~1

TMP (1) =ALC(KKH=2)

TMP (2)=ALC(KK6&6=3)
TMP(3)=ALC (KKH~4)

TMP (4) ZALC (KK6=5)
KKO6SZKK6-A

TMP(6)=0,0

KK6ZK6+6

DO 29 I=1.MQ

KK&=KK6-6

NN=NN+2

L6=KK6+L7

CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CFg
CF2
CF2
CF2
CF2

‘CF2

CF2
CF2
CcF2
CcF2
CF2
CF2
CF2
CF2
CF2
CF2
CF2
CcF2
CF2
CF2
cF2
CF2
CF2
CF2
CF2
CF2
CF2
CFe
CF2
CF2



29

30

211
2122
212

XOT

L2=KK6+L1

TMP (5)=TMP (2)*ALC(L2)

TMP (5) = (XBAR=TMP (1) ) *ALC(L6)~TMP(5)
LS=KK6+LY
ALC(L2)=TMP(6)*ALC(L5)+TMP(5)

DER (NN)=ALC(1.2) xTMP {3} +DER (NN}
DER(NN+1)=( (ALC(L2)%%2) /TMP (4) ) +DER (NN+1)
TMP(6)2TMP(6)+1.0

IF(L3)2u2,30,242

L3=1

L1=0

L4=5

L7==-1

GO0 TO 286

IF(ALC(K6+5) 1212021229212
DER(1)=DER(1)+ALC(K6+3)

RETURN

END

MAIN

NASA-Langley, 1966 8‘105

CF2
CF2
CF2
cF2
CF2
CcF2
(F2
CF2
cF2
CF2
CF2
CF2
CF2
CF2
CF2
CcF2
CF2
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*“The acronantical and space activities of the United States shall be
conducted so as to contribute . . . to the expansion of human knowl-
edge of phenomena in the atmosphere and space. The Administration
shall provide for the widest practicable and appropriate dissemination
of information concerning its activities and the results thereof.”
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